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(54) Stereoscopic image display method and apparatus 



(57) This invention provides a stereoscopic image 
display method and apparatus. The method includes the 
steps of dividing each of a plurality of parallax images 
supplied from a parallax image source having parallax 
image information into stripe pixels, displaying, on a dis- 
play, a single stripe image by arranging and synthesiz- 
ing some of the stripe pixels in a predetermined order, 
displaying a slit pattern consisting of a light-transmis- 
sion portion and a light-shielding portion arranged at a 



predetermined pitch on a spatial light modulation ele- 
ment arranged at a predetermined position on the front 
or rear side of the display, inputting light transmitted 
through the stripe pixels, corresponding to the right and 
left eyes of an observer, of the stripe image to the right 
and left eyes of the observer via the spatial light modu- 
lation element and synchronously displaying the stripe 
pattern and the slit pattern in units of pixels or scan lines 
on corresponding scan lines of the display and the spa- 
tial light modulation element. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a stereoscopic im- 
age display method and a stereoscopic image display 
apparatus using the same and, more particularly, to a 
stereoscopic image display method using a spatial light 
modulation element as a parallax barrier or a slit pattern 
for controlling the directivity of light coming from back- 
light, and a stereoscopic image display apparatus using 
the method. 



Related Background Art 

The technique of a stereoscopic image display 
method using a parallax barrier method is disclosed by 
S.H. Kaplan ("Theory of Parallax Barriers", J.SMPTE, 
Vol. 59, No. 7, pp. 11 -21, 1952). In this method, each 
of a plurality of parallax images is divided into stripe pix- 
els, the stripe pixels constituting the right and left paral- 
lax images are alternately arranged on a single screen 
to form and display a stripe image, and the correspond- 
ing parallax images are observed by the right and left 
eyes of an observer via a slit (called a parallax barrier) 
which is arranged at a position separated by a prede- 
termined distance from the stripe image and has prede- 
termined light-transmission portions, thereby obtaining 
a stereoscopic view. 

However, such conventional apparatus cannot be 
used as a two-dimensional image display apparatus 
such as a normal television apparatus. 

In view of this problem, Japanese Patent Applica- 
tion Laid-Open Nos. 3-11 9889 and 5-1 22733 disclose a 
stereoscopic image display apparatus, which electroni- 
cally forms a parallax barrier using, e.g., a transmission 
type liquid crystal element, and electronically controls to 
change the shape and positions of barrier stripes. 

Fig. 34 is a schematic diagram of a stereoscopic 
image display apparatus disclosed in Japanese Patent 
Application Laid-Open No. 3-119889. In this apparatus, 
an electronic parallax barrier 103 comprising a transmis- 
sion type liquid crystal display element is arranged on 
an image display surface (panoramagram or stereo- 
gram) 101 via a transparent glass/acrylic spacer 102 
having a thickness d. A plurality of parallax images ob- 
tained by picking up an image from two or more direc- 
tions are displayed on the image display surface 1 01 as 
a stripe image obtained by dividing each of the parallax 
images into vertical stripe pixels, and alternately arrang- 
ing the stripe pixels of the plurality of parallax images in 
a predetermined order. On the other hand, vertically 
elongated barrier stripes are formed at arbitrary posi- 
tions on the display surface of the electronic parallax 
barrier 1 03 by designating the X and Y addresses of the 
parallax barrier 103 using a control means such as a 



microcomputer 104, thus allowing a stereoscopic view 
according to the principle of the parallax barrier method. 

In order to display a two-dimensional image (non- 
stereoscopic image) on this apparatus, the entire image 
s display region of the electronic parallax barrier 103 is 
set in a transparent state without forming any barrier 
stripes thereon. In this manner, both stereoscopic and 
two-dimensional images can be displayed unlike in the 
stereoscopic image display method using the conven- 
es tional parallax barrier method. 

Fig. 35 is a schematic sectional view showing prin- 
cipal part of a stereoscopic image display apparatus 
constituted by a liquid crystal display panel and an elec- 
tronic barrier disclosed in Japanese Patent Application 
is Laid-Open No. 5-122733. In this stereoscopic image 
display apparatus, two liquid crystal layers (TN) 115 and 
125 are respectively sandwiched between two pairs of 
polarizing plates 111 and 118, and 121 and 128, so that 
the liquid crystal layer 115 serves as an image display 
20 means, and the liquid crystal layer 125 serves as an 
electronic barrier forming means. Note that the appara- 
tus shown in Fig. 35 also comprises a glass (spacer) 
102, upper glass substrates 112 and 122, lower glass 
substrates 117 and 127, common electrodes 113 and 
2S 123, spacers 114 and 124, and pixel electrodes 116 and 
126. In this apparatus as well, in order to display a two- 
dimensional image (non-stereoscopic image), the entire 
image display region of the electronic parallax barrier 
1 25 is set in a transparent state without forming any bar- 
30 rier stripes thereon In this manner, both stereoscopic 
and two-dimensional images can be displayed. 

In the prior art disclosed in Japanese Patent Appli- 
cation Laid-Open No. 3-119889 ; the image display sur- 
face 101 displays a single stripe image obtained by di- 
ss viding at least two parallax images into stripe pixels and 
alternately arranging the stripe pixels of these two par- 
allax images. Therefore, the stereoscopic-resolution of 
the image display apparatus is reduced to at least 1/2 
that of original parallax images. 
40 Furthermore, in the above-mentioned prior art, 
since the stripe image constituted by the vertical stripe 
pixels displayed on the image display surface 101 is not 
synchronized with the parallax barrier pattern formed on 
the electronic parallax barrier 103, crosstalk between 
45 the right and left images is generated, and flicker noise 
is often generated, resulting in an eyesore. 

On the other hand, since the display positions of the 
barrier stripes remain the same unless the view point 
position of the observer moves, the luminance decreas- 
so es in a localized stripe pattern. 

Furthermore, when the image display means com- 
prises, e.g., a liquid crystal, the image display surface 
has a stripe-shaped pixel structure, and such image 
must be observed via similar barrier stripes, thus easily 
55 causing Moire fringes. 

Furthermore, in the prior art disclosed in Japanese 
Patent Application Laid-Open No. 5-122733, since the 
apparatus uses a total of four polarizing plates, the lu- 
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minance lowers due to absorption by these plates. 

In addition, in these prior arts, when the observer 
horizontally moves by only the interval between his or 
her eyes (inter-ocular distance), a pseudoscopic view is 
prevented by replacing the display positions of the right s 
and left eye images of the stripe image. However, the 
apparatus cannot cope with a change in view point po- 
sition in the back-and-forth direction with respect to the 
apparatus. 

Furthermore, in order to prevent the pseudoscopic io 
view, a change in view point position of the observer is 
followed so that normal parallax images are always in- 
cident on the eyes, and the observed stereoscopic im- 
age always remains the same. Thus, a "roundabout or 
wraparound stereoscopic view effect" that can obtain 15 
smooth stereoscopic feeling cannot be obtained. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 20 
stereoscopic image display method and a stereoscopic 
image display apparatus using the method, which can 
reduce crosstalk between the right and left parallax im- 
ages and can eliminate flicker noise and Moire fringes 
by synchronizing an image displayed on a display and 25 
a slit pattern displayed on a spatial light modulation el- 
ement in units of corresponding pixels or corresponding 
scan lines using the parallax barrier method. 

It is another object of the present invention to pro- 
vide a stereoscopic image display method and a stere- 30 
oscopic image display apparatus using the method, 
which can obtain at least one of the following effects: 

(1 -1 ) since the switching operation between the first 
and second stripe images and the switching oper- 35 
ation between the first and second parallax barrier 
patterns are performed in synchronism with corre- 
sponding pixels or scan lines to display such imag- 
es and patterns at high speed, crosstalk can be min- 
imized, and the respective parallax images can be 40 
recognized on the entire display surface of a display 
at high resolution without any omission; 
(1 -2) since the conventional apparatus uses four 
polarizing plates, the luminance lowers due to ab- 
sorption by these polarizing plates, while since the 45 
number of polarizing plates can be reduced by one 
in the present invention, the display luminance can 
be improved; 

(1 -3) since the width of stripe pixels to be displayed 
on the display, the width of light-transmission and so 
light-shielding portions to be formed on the spatial 
light modulation element, the interval between the 
display and the spatial light modulation element, or 
the relative positional relationship between the 
stripe images and the light-transmission portions is ss 
controlled in accordance with a signal from an ob- 
servation condition detection means for automati- 
cally detecting the view point position of the observ- 



er or an observation condition inputting means input 
by the observer, a satisfactory stereoscopic view 
can always be attained even when the observer 
moves; 

(1-4) since two out of three or more original parallax 
images constituting parallax image information of a 
parallax image source are selected and used, two 
parallax images are generated based on data con- 
stituting the parallax image information, or two par- 
allax images are generated by interpolation or re- 
construction based on at least two original parallax 
images constituting the parallax image information, 
in accordance with a signal from the observation 
condition detection means for automatically detect- 
ing the view point position of the observer or the ob- 
servation condition inputting means input by the ob- 
server, when the observer moves, parallax images 
with different view point positions are appropriately 
generated accordingly, and a stereoscopic image 
that can give a so-called smooth "roundabout ef- 
fect" can be displayed; 

(1-5) a high-resolution stereoscopic image free 
from any crosstalk can be locally displayed in a two- 
dimensional image displayed on the display; 
(1-6) since an interlace driving operation is adopted, 
even when the display or the spatial light modula- 
tion element comprises, e.g., a liquid crystal ele- 
ment having a relatively low response speed, a 
high-definition stereoscopic image free from any 
flicker can be displayed; 

(1-7) since the display and the spatial light modula- 
tion element are designed to display an image by 
scanning scan lines in the vertical direction, driving 
circuits for their display screens can have a simple 
arrangement; 

(1-8) since the display surfaces of the display and 
the spatial light modulation element are divided into 
a plurality of areas having the same size along the 
scan lines, and the scan lines at the same relative 
positions are simultaneously selected from the plu- 
rality of areas so as to be synchronously driven, a 
display operation for one frame can be performed 
within a shorter period of time, and a stereoscopic 
image from which flicker noise is further eliminated 
can be displayed; 

(1-9) when the stripe image and the slit pattern are 
synchronously displayed on the display and the 
spatial light modulation element in units of pixels or 
scan lines, since a plurality of pixels preceding to 
the pixel to be synchronously displayed on the spa- 
tial light modulation element or a plurality of scan 
lines preceding to the scan line to be synchronously 
displayed are displayed precedently as light-shield- 
ing portions, crosstalk between the right and left 
parallax images can be further eliminated, and even 
when liquid crystal panels with different character- 
istics are used, crosstalk can be eliminated, thus as- 
suring large driving margins of the respective pan- 
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els; and 

(1-10) since a linear Fresnel lens is used, the dis- 
play and the spatial light modulation elements can 
be constituted by liquid crystal elements having the 
same specifications, and a low-cost stereoscopic 
image display apparatus can be attained. 



In order to achieve the above objects, according to 
one aspect of the present invention, there is provided a 
stereoscopic image display method comprising the 
steps of: 

dividing each of a plurality of parallax images sup- 
plied from a parallax image source having parallax 
image information into stripe pixels; 
displaying, on a display, a single stripe image by ar- 
ranging and synthesizing some of the stripe pixels 
in a predetermined order; 

displaying a slit pattern consisting of a light-trans- 
mission portion and a lighl-shielding portion ar- 
ranged at a predetermined pitch on a spatial light 
modulation element arranged at a predetermined 
position on the front or rear side of the display; 
inputting light transmitted through the stripe pixels, 
corresponding to the right and left eyes of an ob- 
server, of the stripe image to the right and left eyes 
of the observer via the spatial light modulation ele- 
ment; and 

synchronously displaying the stripe pattern and the 
slit pattern in units of pixels or scan lines on corre- 
sponding scan lines of the display and the spatial 
light modulation element. 

The method further comprises the step of interlace- 
scanning the corresponding scan lines of the display 
and the spatial light modulation element. 

The method further comprises the step of scanning 
the corresponding scan lines of the display and the spa- 
tial light modulation element in a vertical direction. 

The plurality of parallax images are right and left 
parallax images, the stripe image is one of a first stripe 
image obtained by alternately arranging and synthesiz- 
ing odd stripe pixels of the stripe pixels obtained by di- 
viding the right parallax image and even stripe pixels of 
the stripe pixels obtained by dividing the left parallax im- 
age, and a second stripe image obtained by alternately 
arranging and synthesizing even stripe pixels of the 
stripe pixels obtained by dividing the right parallax im- 
age and odd stripe pixels of the stripe pixels obtained 
by dividing the left parallax image, one of the two stripe 
images is displayed on the display, the other stripe im- 
age is subsequently displayed, and the slit pattern in 
which the positions of the light-transmission portion and 
the light-shielding portion replace each other is dis- 
played on the spatial light modulation element. 

The stripe image is displayed on a portion of a dis- 
play surface of the display, a non-stripe image is dis- 
played on the remaining portion of the display surface, 



the slit pattern is displayed on a portion, corresponding 
to the stripe image displayed on the display, of a display 
surface of the spatial light modulation element, and the 
remaining portion of the display surface of the spatial 
5 light modulation element is set in a light-transmission 
state. 

The stripe image is displayed on a portion of a dis- 
play surface of the display, a non-stripe image is dis- 
played on the remaining portion of the display surface, 
io and the slit pattern is displayed on the entire display sur- 
face of the spatial light modulation element. 

The display width of each of the stripe pixels con- 
stituting the stripe image to be displayed on the display 
and/or the display width of each of the light-transmission 
is portion and the light-shielding portion of the slit pattern 
to be displayed on the spatial light modulation element 
are/is set to be equal to the total width of a plurality of 
pixels constituting display surfaces of the display and 
the spatial light modulation element. 
20 The display width of each of the stripe pixels con- 
stituting the stripe image to be displayed on the display 
is set to be equal to the width of one pixel constituting a 
display surface of the display, and the display width of 
each of the light-transmission portion and the light 
25 shielding portion of the slit pattern to be displayed on 
the spatial light modulation element is set to be equal to 
the total width of a plurality of pixels constituting a dis- 
play surface of the spatial light modulation element. 
The display width of each of the stripe pixels con- 
20 stituting the stripe image to be displayed on the display 
is set to be equal to the total width of a plurality of pixels 
constituting a display surface of the display, and the dis- 
play width of each of the light-transmission portion and 
the light-shielding portion of the slit pattern to be dis- 
3S played on the spatial light modulation element is set to 
be equal to the width of one pixel constituting a display 
surface of the spatial light modulation element. 

Each of display surfaces of the display and the spa- 
tial light modulation element has pixels in a matrix struc- 
40 ture. 

The method further comprises the step of outputting 
predetermined polarized light from the display. 

The spatial light modulation element comprises a 
liquid crystal element. 
45 The method further comprises the step of control- 
ling at least one of constituting elements of the stripe 
image and constituting elements of the slit pattern in ac- 
cordance with a signal from one of observation condition 
detecting means for automatically detecting a view point 
so position of the observer and observation condition in- 
putting means used by the operator to input an obser- 
vation condition. 

The method further comprises the step of control- 
ling a distance between the display and the spatial light 
55 modulation element on the basis of a signal from one of 
observation condition detecting means for automatically 
detecting a view point position of the observer and ob- 
servation condition inputting means used by the opera- 
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tor to input an observation condition. 

The method further comprises the step of selecting 
and using the parallax images from at least three original 
parallax images constituting the parallax image informa- 
tion on the basis of a signal from one of observation con- s 
dition detecting means for automatically detecting a 
view point position of the observer and observation con- 
dition inputting means used by the operator to input an 
observation condition. 

The method further comprises the step of generat- io 
ing the parallax images on the basis of data constituting 
the parallax image information or generating the paral- 
lax images on the basis of at least two original parallax 
images constituting the parallax image information by 
interpolation or re-construction in correspondence with *5 
a view point position of the observer, in accordance with 
a signal from one of observation condition detecting 
means for automatically detecting the view point posi- 
tion of the observer and observation condition inputting 
means used by the operator to input an observation con- 20 
dition. 

The method further comprises the step of prece- 
dent^ displaying, as the light-shielding portion, a plural- 
ity of pixels preceding to a pixel to be synchronously dis- 
played or a plurality of scan lines preceding to a scan 25 
line to be synchronously displayed on the spatial light 
modulation element when the stripe image and the slit 
pattern are synchronously displayed on the display and 
the spatial light modulation element in units of pixels or 
scan lines. 30 

The method further comprises the step of dividing 
each of display surfaces of the display and the spatial 
light modulation element into a plurality of regions hav- 
ing the same size along a scan line, simultaneously se- 
lecting and scanning scan lines at the same relative po- 35 
sitions of the plurality of regions, and synchronously dis- 
playing the stripe image and the slit pattern on the dis- 
play and the spatial light modulation element in units of 
pixels on the plurality of scan lines or in units of corre- 
sponding scan lines of the plurality of scan lines. 40 

According to one aspect of the present invention, 
there is provided a stereoscopic image display appara- 
tus comprising: 

a display for displaying a single stripe image ob- 45 
tained by arranging and synthesizing some of a plu- 
rality of stripe pixels which are obtained by dividing 
each of a plurality of parallax images supplied from 
a parallax image source having parallax image in- 
formation; so 
a spatial light modulation element arranged at a pre- 
determined position on a front or rear side of the 
display, the spatial light modulation element dis- 
playing a slit pattern consisting of a light-transmis- 
sion portion and a light-shielding portion arranged ss 
at a predetermined pitch, and light transmitted 
through the stripe pixels, corresponding to right and 
left eyes of an observer, of the stripe image being 



input to the right and left eyes of the observer via 
the spatial light modulation element so as to attain 
a stereoscopic view; and 

means for synchronously displaying the stripe im- 
age and the slit pattern on corresponding scan lines 
of the display and the spatial light modulation ele- 
ment in units of pixels or scan lines. 

The corresponding scan lines of the display and the 
spatial light modulation element are interlace-scanned. 

The corresponding scan lines of the display and the 
spatial light modulation element are scanned in a verti- 
cal direction. 

The plurality of parallax images are right and left 
parallax images, the stripe image is one of a first stripe 
image obtained by alternately arranging and synthesiz- 
ing odd stripe pixels of the stripe pixels obtained by di- 
viding the right parallax image and even stripe pixels of 
the stripe pixels obtained by dividing the left parallax im- 
age, and a second stripe image obtained by alternately 
arranging and synthesizing even stripe pixels of the 
stripe pixels obtained by dividing the right parallax im- 
age and odd stripe pixels of the stripe pixels obtained 
by dividing the left parallax image, the slit pattern to be 
displayed upon display of the first stripe image and the 
slit pattern to be displayed upon display of the second 
stripe image have opposite positional relationships of 
the light-transmission portion and the light-shielding 
portion, and the two stripe images are successively dis- 
played. 

The stripe image is displayed on a portion of a dis- 
play surface of the display, a non-stripe image is dis- 
played on the remaining portion of the display surface, 
the slit pattern is displayed on a portion, corresponding 
to the stripe image displayed on the display, of a display 
surface of the spatial light modulation element, and the 
remaining portion of the display surface of the spatial 
light modulation element is set in a light-transmission 
state. 

The stripe image is displayed on a portion of a dis- 
play surface of the display, a non-stripe image is dis- 
played on the remaining portion of the display surface, 
and the slit pattern is displayed on the entire display sur- 
face of the spatial light modulation element. 

The display width of each of the stripe pixels con- 
stituting the stripe image to be displayed on the display 
and/or the display width of each of the light-transmission 
portion and the light-shielding portion of the slit pattern 
to be displayed on the spatial light modulation element 
are/is set to be equal to the total width of a plurality of 
pixels constituting display surfaces of the display and 
the spatial light modulation element. 

The display width of each of the stripe pixels con- 
stituting the stripe image to be displayed on the display 
is set to be equal to the width of one pixel constituting a 
display surface of the display, and the display width of 
each of the light-transmission portion and the light- 
shielding portion of the slit pattern to be displayed on 
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the spatial light modulation element is set to be equal to 
the total width of a plurality of pixels constituting a dis- 
play surface of the spatial light modulation element. 

The display width of each of the stripe pixels con- 
stituting the stripe image to be displayed on the display s 
is set to be equal to the total width of a plurality of pixels 
constituting a display surface of the display, and the dis- 
play width of each of the light-transmission portion and 
the light-shielding portion of the slit pattern to be dis- 
played on the spatial light modulation element is set to 10 
be equal to the width of one pixel constituting a display 
surface of the spatial light modulation element. 

Each of display surfaces of the display and the spa- 
tial light modulation element has pixels in a matrix struc- 
ture. 75 

The spatial light modulation element comprises a 
liquid crystal element. 

The spatial light modulation element comprises a 
ferroelectric liquid crystal element. 

The display comprises a liquid crystal element. 20 
The display comprises a ferroelectric liquid crystal 
element. 

The display comprises a self-emission type display 
and a single polarizing plate. 

Predetermined polarized light is output from the 25 
stripe image to be displayed on the display, and the spa- 
tial light modulation element comprises a liquid crystal 
element and a single polarizing plate. 

At least one of constituting elements of the stripe 
image and constituting elements of the slit pattern is 30 
controlled in accordance with a signal from one of ob- 
servation condition detecting means for automatically 
detecting a view point position of the observer and ob- 
servation condition inputting means used by the opera- 
tor to input an observation condition. 35 

The distance between the display and the spatial 
light modulation element is controlled by distance con- 
trolling means on the basis of a signal from one of ob- 
servation condition detecting means for automatically 
detecting a view point position of the observer and ob- 40 
servation condition inputting means used by the opera- 
tor to input an observation condition. 

The parallax images to be used are selected from 
at least three original parallax images constituting the 
parallax image information on the basis of a signal from 45 
one of observation condition detecting means for auto- 
matically detecting a view point position of the observer ' 
and observation condition inputting means used by the 
operator to input an observation condition. 

The parallax images are generated on the basis of so 
data constituting the parallax image information or the 
parallax images are generated on the basis of at least 
two original parallax images constituting the parallax im- 
age information by interpolation or re-construction in 
correspondence with a view point position of the observ- 55 
er, in accordance with a signal from one of observation 
condition detecting means for automatically detecting 
the view point position of the observer and observation 



condition inputting means used by the operator to input 
an observation condition 

A plurality of pixels preceding to a pixel to be syn- 
chronously displayed or a plurality of scan lines preced- 
ing to a scan line to be synchronously displayed on the 
spatial light modulation element are precedently dis- 
played as the light-shielding portion when the stripe im- 
age and the slit pattern are synchronously displayed on 
the display and the spatial light modulation element in 
units of pixels or scan lines. 

Each of display surfaces of the display and the spa- 
tial light modulation element is divided into a plurality of 
regions having the same size along a scan line, scan 
lines at the same relative positions of the plurality of re- 
gions are simultaneously selected and scanned, and the 
stripe image and the slit pattern are synchronously dis- 
played on the display and the spatial light modulation 
element in units of pixels on the plurality of scan lines 
or in units of corresponding scan lines of the plurality of 
scan lines. 

According to another aspect of the present inven- 
tion, there is provided a stereoscopic image display ap- 
paratus comprising: 

a display for sequentially forming a single stripe im- 
age obtained by arranging and synthesizing some 
of a plurality of stripe pixels which are obtained by 
dividing each of right- and left-eye parallax images 
supplied from a parallax image source having par- 
allax image information, while performing a scan- 
ning operation; and 

a spatial light modulation element located on the 
front or rear side of the display, the spatial light mod- 
ulation element sequentially forming a slit pattern 
consisting of a light-transmission portion and a light- 
shielding portion arranged at a predetermined pitch 
in synchronism with the scanning operation, and 
light transmitted through the stripe pixels, 
corresponding to the right and left eyes of an ob- 
server, of the stripe image displayed on the display 
being input to the right and left eyes of the observer 
via the slit pattern. 



The spatial light modulation element is arranged on 
the front side of the display, and the apparatus further 
comprises a linear Fresnel lens having a power only in 
a horizontal direction and arranged on the front side of 
the spatial light modulation element or arranged be- 
tween the display and the spatial light modulation ele- 
ment. 

A spatial light modulation element illuminated with 
light emitted by light source means is arranged on the 
rear side of the display, and the apparatus further com- 
prises a linear Fresnel lens having a power only in a hor- 
izontal direction and arranged on the front side of the 
display or arranged between the display and the spatial 
light modulation element. 

According to another aspect of the present inven- 
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tion, there is provided a stereoscopic image display 
method comprising the steps of: 

sequentially forming, on a display, a single stripe im- 
age obtained by arranging and synthesizing some s 
of a plurality of stripe pixels which are obtained by 
dividing each of right- and left -eye parallax images 
supplied from a parallax image source having par- 
allax image information, while performing a scan- 
ning operation; and 10 
inputting light transmitted through the stripe pixels, 
corresponding to the right and left eyes of an ob- 
server, of the stripe image displayed on the display 
to the right and left eyes of the observer via a slit 
pattern, which is obtained by sequentially forming a is 
light-transmission portion and a light-shielding por- 
tion at a predetermined pitch on a spatial light mod- 
ulation element, in synchronism with the scanning 
operation. 

20 

Examples of the present invention will become ap- 
parent from the following description of the embodi- 
ments. 
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Fig. 1 is a schematic diagram showing principal part 
of a stereoscopic image display apparatus accord- 
ing to the first embodiment of the present invention; 
Figs. 2A and 2B are explanatory views of the ster- 30 
eoscopic image display method of the first embod- 
iment; 

Fig. 3 is an explanatory view of the driving method 
of the first embodiment: 

Figs. 4A and 4B are explanatory views of the display 35 
states of the first embodiment; 
Fig. 5 is a schematic sectional view showing princi- 
pal part of a stereoscopic image display apparatus 
according to the second embodiment of the present 
invention; 40 
Fig. 6 is an explanatory view of the relationship be- 
tween the directions of the polarization axes of po- 
larizing plates and observation images in the sec- 
ond embodiment; 

Fig. 7 is a view showing another arrangement of a 45 
spatial light modulation element in the second em- 
bodiment; 

Fig. 8 is a view showing another arrangement of a 
display in the second embodiment; 
Fig. 9 is a schematic diagram showing principal part so 
of a stereoscopic image display apparatus accord- 
ing to the third embodiment of the present invention; 
Fig. 10 is a schematic diagram showing principal 
part of a stereoscopic image display apparatus ac- 
cording to the fourth embodiment of the present in- ss 
vent ion; 

Figs. 1 1 A and 1 1 B are explanatory views of move- 
ment of slit portions in the fourth embodiment; 



Fig. 12 is a schematic view showing principal part 
of a stereoscopic image display apparatus accord- 
ing to the fifth embodiment of the present invention; • 
Fig. 13 is a schematic view showing principal part 
of parallax image sources of the fifth embodiment; 
Figs. 14A to 14D are explanatory views of original 
parallax images of the parallax image sources of the 
fifth embodiment; 

Figs. 1 5A and 1 5B are explanatory views of the ster- 
eoscopic image display method of a stereoscopic 
image display apparatus according to the sixth em- 
bodiment of the present invention; 
Figs. 16A to 16C are explanatory views of the dis- 
play states of the sixth embodiment; 
Fig. 17 is an explanatory view of another selection 
of the display width in the sixth embodiment; 
Fig. 18 is an explanatory view of the stereoscopic 
image display method of a stereoscopic image dis- 
play apparatus according to the seventh embodi- 
ment of the present invention; 
Figs. 1 9A to 1 9C are explanatory views of the ster- 
eoscopic image display method of a stereoscopic 
image display apparatus according to the eighth 
embodiment of the present invention; 
Figs. 20A to 20D are explanatory views of the ster- 
eoscopic image display method of a stereoscopic 
image display apparatus according to the ninth em- 
bodiment of the present invention; 
Fig. 21 is a schematic diagram showing principal 
part of a stereoscopic image display apparatus ac- 
cording to the 10th embodiment of the present in- 
vention: 

Figs. 22A and 22B are explanatory views of the ster- 
eoscopic image display method of the 10th embod- 
iment; 

Fig. 23 is a schematic diagram showing principal 
part of a stereoscopic image display apparatus ac- 
cording to the 11th embodiment of the present in- 
vention; 

Figs. 24A to 24C are explanatory views of the ster- 
eoscopic image display method of the 11th embod- 
iment; 

Figs. 25A and 25B are explanatory views of move- 
ment of a parallax barrier pattern in correspondence 
with movement of the view point position in the 1 1 th 
embodiment; 

Fig. 26 is a schematic diagram showing principal 
part of a stereoscopic image display apparatus ac- 
cording to the 12th embodiment of the present in- 
vention; 

Figs. 27A and 27B are explanatory views of the dis- 
play states of the 1 2th embodiment; 
Figs. 28A and 28B are explanatory views of the dis- 
play states of a stereoscopic image display appa- 
ratus according to the 13th embodiment of the 
present invention; 

Fig. 29 is a schematic diagram showing principal 
part of a stereoscopic image display apparatus ac- 
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cording to the 14th embodiment of the present in- 
vention; 

Fig. 30 is a perspective view of the 14th embodi- 
ment; 

Figs. 31 A and 31 B are schematic views showing 
principal part of a stereoscopic image display appa- 
ratus according to the 15th embodiment of the 
present invention; 

Figs. 32A and 32B are schematic views showing 
principal part of another arrangement of the 15th 
embodiment; 

Fig. 33 is a view showing the optical layout of the 
arrangement shown in Figs. 32A and 32B; 
Fig. 34 is a schematic diagram showing a conven- 
tional stereoscopic image display apparatus; and 
Fig. 35 is a schematic sectional view showing an- 
other conventional stereoscopic image display ap- 
paratus. 



DETAILE D DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 is a schematic diagram showing principal part 
of a stereoscopic image display apparatus according to 
the first embodiment of the present invention. Figs. 2A 
and 2B are explanatory views of the stereoscopic image 
display method of the first embodiment, Fig. 3 is an ex- 
planatory view of the driving method of the first embod- 
iment, and Figs. 4Aand 4Bare explanatory views of the 
display states of the first embodiment. In these draw- 
ings, an image display portion is expressed by a hori- 
zontal sectional view. Referring to Fig. 1, a display 1 
comprises, e.g., a liquid crystal element (LCD) having a 
backlight light source, and its display surface is consti- 
tuted by a large number of pixels having a matrix struc- 
ture. The display 1 displays an image by non-interlace 
scanning scan lines. A stripe image (to be described lat- 
er) 1 1 (11 A ) is displayed on the image display surface of 
the display 1 . 

A spatial light modulation element 2 comprises, e. 
g. , a transmission type liquid crystal element, and its dis- 
play surface is constituted by a large number of pixels 
having a matrix structure. When a stereoscopic image 
is displayed on the display 1 , light-transmission portions 
(slit portions) and light-shielding portions are horizontal- 
ly arranged on the display surface of the element 2 at a 
predetermined pitch to form (or display) a parallax bar- 
rier pattern (slit pattern) 2 A or 2 B . A R and A L respectively 
indicate the right and left eyes of an observer. 

In this specification, the observer side of the display 
1 or the spatial light modulation element 2 is called a 
"front side", and the opposite side is called a "rear side". 
Therefore, in this embodiment, the spatial light modula- 
tion element 2 is arranged on the front side of the display 

A parallax image source 15 comprises, e.g., a multi- 
channel VTR or a multi-channel image pickup device 
having multi-channel cameras, or three-dimensional da- 



ta of an object. A plurality of images output from such 
device and three-dimensional data will be referred to as 
parallax image information hereinafter. Note that the 
multi-channel VTR, the multi-channel image pickup de- 
5 vice, or the like has a plurality of images. Since parallax 
images (images with a parallax) are selected from these 
images, these plurality of images will be referred to as 
original parallax images hereinafter. 

An observation condition inputting means 9 inputs 
io information such as observation position information of 
the observer, a display region of a stereoscopic image 
to be displayed on the display 1 : and the like. An image 
processing means 3 extracts right- and left-eye parallax 
images R s and L s from the parallax image information 
*5 of the parallax image source 15, divides these parallax 
images R s and L s in the horizontal direction to generate 
vertically elongated stripe pixels : and alternately arrang- 
es these stripe pixels to synthesize them to obtain a sin- 
gle stripe image. Stripe pixels based on the parallax im- 
& age R s are represented by Rj (i = 1 , 2, 3, 4, . . . ), and stripe 
pixels based on the parallax image L s are* represented 
by Lj 0 = 1,2, 3, 4,...). 

A display driving circuit 4 displays the stripe image, 
which is synthesized by and output from the image 
2S processing means 3, on the display surface of the dis- 
play 1. A barrier driving circuit 5 drives the spatial light 
modulation element 2 in accordance with a signal from 
the image processing means 3 to form a parallax barrier 
pattern thereon. 
30 The relationship between the stripe image 11 and 
the parallax barrier pattern of this embodiment will be 
explained below. In Fig. 1, let O be the interval (base 
length) between the two eyes of the observer, C be the 
observation distance from the displayed image (stripe 
35 image) 1 1 ( 1 1 A ) on the image display surface to the eyes 
of the observer, D be the distance between the display 
1 and the spatial light modulation element (parallax bar- 
rier) 2, B' be the width of each slit portion of the parallax 
barrier pattern formed on the spatial light modulation el- 
40 ement 2, and P be the pixel interval (width) of stripe pix- 
els constituting the stripe image displayed on the display 
1. Then, in order to obtain a stereoscopic view, these 
parameters must satisfy the following relations; 



45 



D = P-C/(0 + P) 



B' = P-(C - D)/C 



(1) 



(2) 



so 



Note that the observation width has a finite diver- 
gence at the observation position in practice, and these 
quantities are set after they are slightly modified. These 
relationships have been described in detail in the above- 
55 mentioned S.H. Kaplan's reference. 

In this embodiment, since the display 1 uses a liquid 
crystal display having a pixel size of 0. 1 1 0 mm (horizon- 
tal) x 0.330 mm (vertical), and one pixel size is set to 
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be the width of one stripe pixel of each parallax image, 
the pixel interval is P = 0.110 mm. On the other hand, 
since the base length and the observation distance are 
respectively set to be O = 65 mm and C = 1 ,000 mm as 
the observation conditions, the constituting data ot the 
spatial light modulation element 2 are D = 1 .69 mm and 
B* = 0. 1 098 mm. Note that slight fine adjustment is made 
in consideration of the divergence of the observation 
width. 

The stereoscopic image display method of the 
present invention will be explained below with reference 
to Fig. 1 , Figs. 2A and 2B, Fig. 3, and Figs. 4A and 4B. 

That is, at a certain time (at the time of the display 
state shown in Fig. 2A), the image processing means 3 
extracts two parallax images R s and L s from the paral- 
lax image source 1 5, divides these images into elongat- 
ed stripe pixels R 4 and Lj, and alternately arranges these 
stripe pixels from, e.g. , the left end of the display surface 
in Fig. 1 in the order of R lt L 2> R 3 , L 4> R 5 , Le,... to syn- 
thesize them to obtain a first stripe image 11 A . The data 
of the first stripe image 11 A is input to the display driving 
circuit 4, which displays the first stripe image 11 A on the 
image display surface of the display 1 . 

At the same time, the image processing means 3 
inputs image data of the parallax barrier pattern to the 
barrier driving circuit 3 in synchronism with the output 
data of the stripe image, and the barrier driving circuit 5 
displays a first parallax barrier pattern 2 A on which light- 
transmission portions and light-shielding portions each 
having the width B' are alternately formed in the order 
of close, open, close, open, close, open,... from a point 
G on the spatial light modulation element 2. 

The formation region of the parallax barrier corre- 
sponds to the image region (the entire surface in Fig. 1 ), 
where the stripe image 11 is displayed, of the display 1 . 

At this time, only the right-eye parallax image con- 
stituted by the stripe pixels R 1( R 3 , R 5 , ... is incident on 
the right eye A R via the first parallax barrier pattern 2 A 
and only the left-eye parallax image constituted by the 
stripe pixels L 2 , L 4 , Ug, ... is incident on the left eye Al 
via the first parallax barrier pattern 2 A . As a result, the 
observer can stereoscopically observe the first stripe 
image 1 1 A by the same principle as that of the conven- 
tional parallax barrier method. 

At a time at which one frame has been scanned and 
the same scan line as described above is being scanned 
(at the time of the display state shown in Fig. 2B), the 
display 11 displays, as the stripe image 11, a second 
stripe image 11 B constituted by arranging stripe pixels 
L v &2> L 3- R 4. L S: ^6. •-- " n ,n © opposite order to that of 
the image 11 A . and the spatial light modulation element 
2 displays a second parallax barrier pattern 2 B on which 
the light-transmission portions and light-shielding por- 
tions are alternately formed in the order of open, close, 
open, close, open, close,... opposite to that of the first 
parallax barrier pattern from the point G. 

At this time, only the right -eye parallax image con- 
stituted by the stripe pixels Rg, R 4 , R 6 , ... is incident on 



the right eye A R via the second parallax barrier pattern 
2 B , and only the left-eye parallax image constituted by 
the stripe pixels L,. L 3 , L 5> ... is incident on the left eye 
A L via the second parallax barrier pattern 2 B . As a result, 
5 the observer can stereoscopically observe the second 
stripe image 11 B by the same principle as that of the 
conventional parallax barrier method. 

The display 1 and the spatial light modulation ele- 
ment 2 are synchronously scanned in units of pixels to 
10 alternately attain these two display states so as to dis- 
play the stripe images and the parallax barrier patterns. 
As a result, the right eye can observe the entire parallax 
image R s constituted by the stripe pixels Rj , R 2 , R 3 , 
R 4 ,..., and the left eye can observe the entire parallax 
'5 image L s constituted by the stripe pixels L-,, L 2 , L 3 , L 4 ,... 
in a flicker-less state. 

The operation of the first embodiment will be de- 
scribed in more detail below with reference to Fig. 3. 
As described above, for example, when the first 
20 stripe image 1 1 A and the first parallax barrier pattern 2 A 
are displayed, scan lines (Y1 , Y2, Y3, Y4,...) of the dis- 
play 1 and the spatial light modulation element 2 are re- 
spectively driven by Y drivers 6 and 6* via synchronizing 
signals from the image processing means 3, and at the 
25 same time, X drivers 7 and 8 synchronously input a dis- 
play driving signal and a barrier driving signal, as shown 
in Fig. 3. More specifically, the first scan line Y1 of the 
display 1 and the first scan line Y1 of the spatial light 
modulation element 2 are simultaneously driven, and 
30 pixels Xj on the first scan line Y1 of the display 1 and 
pixels Xj on the first scan line Y1 (the corresponding 
scan line to be scanned) of the spatial light modulation 
element 2 are synchronously driven to display images 
on these pixels. 
35 Assume that the second stripe image 11 B is dis- 
played on the entire display surface of the display 1 , and 
the second parallax barrier pattern 2 B is displayed on 
the spatial light modulation element 2. As shown in Fig. 
4A, the corresponding portion of the first stripe image 
40 11 A obtained by synthesizing the stripe pixels R, L, R, 
L, R, L. .. (the stripe pixels will be simply abbreviated as 
above although they are, strictly speaking, R 1 , L^, R 3 , 
\-4, R 5> Lq, ... of the right and left parallax images is se- 
quentially displayed on the pixels on the first scan line 
45 yi of the display 1 from the above-mentioned state. At 
the same time, as shown in Fig. 4B, the first parallax 
barrier pattern 2 A constituted by alternately arranging 
the light-shielding portions and light-transmission por- 
tions in the order of close, open, close, open, close, 
50 open,... is sequentially displayed on the pixels on the 
first scan line Y1 of the spatial light modulation element 
2 in units of pixels in synchronism with the display 1. 

Next, the second scan line Y2 is selected, and the 
corresponding portion of the first stripe image 11 A and 
55 the corresponding portion of the first parallax barrier pat- 
tern 2A are synchronously displayed on the second 
scan lines Y2 of the display 1 and the spatial light mod- 
ulation element 2 in the same manner as described 
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above. 

Figs. 4A and 4B illustrate the state at the instance 
when the fifth scan line Y5 is selected before completion 
of all the scan operations, the pixel data of the stripe 
pixel R 7 is displayed on the seventh pixel X 7 of the dis- 
play 1 (Fig. 4A), and the light-shielding portion is syn- 
chronously formed on the seventh pixel X 7 of the spatial 
light modulation element 2 (Fig. 4B) Therefore, the first 
stripe image 11 A is displayed on the upper portion of the 
display 1 , and the second stripe image 1 1 B is displayed 1 
on the lower portion of the display 1 . Also, the first par- 
allax barrier pattern 2 A is displayed on the upper portion 
of the spatial light modulation element 2, and the second 
parallax barrier pattern 2 B is displayed on the lower por- 
tion thereof. 7 , 

When the above-mentioned operation is sequen- 
tially repeated, and the scan operation of the last scan 
line is completed, the first stripe image 11 A is displayed 
on the entire display screen. When the observer ob- 
serves this first stripe image 11 A via the spatial light 2c 
modulation element 2 on which the first parallax barrier 
pattern 2 A is formed, he or she can observe the first 
stripe image 11 A as a stereoscopic image. 

Subsequently, the scan operation is started in turn 
from the first scan line, and in this case, the display 1 25 
displays, as the stripe image 11 , the corresponding por- 
tion of the second stripe image 11 B obtained by arrang- 
ing the stripe images L, R, L, R, L, R,... (the stripe pixels 
will be simply abbreviated as above although they are, 
strictly speaking, L 1t R 2 , L 3: R 4 , L 5 , R 6 , ...) in the opposite 30 
order. At the same time, the spatial light modulation el- 
ement 2 alternately forms and displays the light-trans- 
mission portions and the light-shielding portions in the 
opposite order of open, close, open, close, open, 
close,... as the second parallax barrier pattern 2. When 35 
the image displayed on the display 1 is observed via the 
spatial light modulation element 2, the second stripe im- 
age 11 B can be observed as a stereoscopic image. 

Therefore, in this embodiment, since the observer 
alternately stereoscopically observes the stripe images 40 
1 1 A and 11 B , the respective parallax images R s and L s 
are displayed on the eyes A R and A L of the observer 
without any omission, and the observer can observe a 
high-quality stereoscopic image without the resolution 
of the parallax images being reduced. Since the resolu- 45 
tion lowers to 1/2 that of the display to be used in the 
stereoscopic image display apparatus using the con- 
ventional parallax barrier method, an image displayed 
in this embodiment can have a resolution twice that of 
the image obtained by the conventional apparatus. so 

In addition, in this embodiment, since the display 1 
and the spatial light modulation element 2 are synchro- 
nously driven in units of pixels on their scan lines, the 
stripe pixels and the slit portions of the corresponding 
parallax barrier pattern synchronously change at any ss 
timing during the display operation of the stripe images 
so as to maintain a relationship therebetween that al- 
lows the observer to normally observe a stereoscopic 



image. Therefore, in this embodiment, crosstalk be- 
tween the right and left parallax images can be remark- 
ably reduced. 

Furthermore, in this embodiment, since the light- 
transmission portions and the light-shielding portions of 
the parallax barrier pattern to be formed on the spatial 
light modulation element 2 alternately replace each oth- 
er, a decrease in contrast in a Moire pattern, i.e., the 
repetitive structure of the light-transmission portions 
and the light-shielding portions of the parallax barrier 
pattern, is not conspicuous. 

Moreover, it is ideal to use the display 1 and the spa- 
tial light modulation element 2 having a high-speed 
frame rate in this embodiment. However, in this embod- 
iment, since the stripe pattern and the parallax barrier 
pattern are synchronously displayed, the right and left 
parallax images are always incident on the right and left 
eyes of the observer without crosstalk therebetween, 
and the observer does not experience any flicker noise. 
For this reason, the display and the spatial light modu- 
lation element having a frame rate of 60 Hz to 120 Hz 
can be used. 

The spatial light modulation element 2 must have a 
high contrast and must realize a high-speed driving op- 
eration since it separates the right- and left-eye parallax 
images by means of the parallax barrier pattern formed 
thereon. In view of these situations, a ferroelectric liquid 
crystal element (FLC) is preferably used as the display 
1 and the spatial light modulation element 2 of this em- 
bodiment. 

When the display 1 and the spatial light modulation 
element 2 comprise liquid crystal elements, they prefer- 
ably use the same type of liquid crystal elements since 
it is easy to assure synchronization due to the same dis- 
play speed (response speed) and identical driving cir- 
cuits can be used. 

In this embodiment, the display 1 and the spatial 
light modulation element 2 are driven in accordance with 
synchronizing signals supplied from the image process- 
ing means 3. However, various other driving methods 
may be used. For example, the display driving circuit 4 
may generate a synchronizing signal to determine the 
driving timing of the barrier driving circuit 5, or the Y driv- 
ers may attain synchronization. 

This embodiment has exemplified a case wherein 
one pixel size of the display 1 is equal to the interval P 
of the stripe images, i.e., each of the stripe pixels , L 2 
corresponds to one pixel of the display 1 . However, the 
pixel width of each of the stripe pixels R { and L t may cor- 
respond to the width of a plurality of pixels of the display 
1 For example, the interval P may equal the total width 
of R, G, and B pixels upon execution of a color display 
operation. 

Also, this embodiment has exemplified a case 
wherein two parallax images are displayed. In addition, 
the method of this embodiment may be applied to a "par- 
allax panoramagram" in which a stripe image is gener- 
ated by synthesizing a plurality of parallax images and 
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is observed via an appropriate parallax barrier. 

The spatial light modulation element 2 of this em- 
bodiment need not have a matrix-shaped pixel structure 
but may have a vertical-line-shaped pixel structure since 
it forms vertically elongated, rectangular slit portions. 5 

Note that the width P of each stripe pixel, the 
number of stripe pixels, and the like are constituting el- 
ements of the stripe image, and the width B' of each of 
the slit and light-shielding portions of the parallax barrier 
pattern and the like are constituting elements of a slit io 
pattern (parallax barrier pattern). 

In this embodiment, as described above, at least 
one of the constituting elements of the stripe image and 
the slit pattern is controlled in accordance with a signal 
from the observation condition inputting means 9. is 

Fig. 5 is a schematic sectional view showing princi- 
pal part of a stereoscopic image display apparatus ac- 
cording to the second embodiment of the present inven- 
tion. In this embodiment, the display 1 and the spatial 
light modulation element 2 in the arrangement of the first 20 
embodiment specifically comprise TN liquid crystal ele- 
ments (TN liquid crystal cells). Other arrangements are 
the same as those in the first embodiment. 

The display 1 for displaying the stripe image 11 is 
arranged so that a TN liquid crystal cell 23 (a glass sub- 2s 
strate, electrodes, and the like are not shown) sand- 
wiched between two polarizing plates 22 and 24 is illu- 
minated with light emitted by a backlight 21 having a re- 
flection plate and a light guide plate. Therefore, linearly 
polarized light emanates from an image displayed on 30 
the display 1 . The spatial light modulation element 2 is 
constituted by arranging a TN liquid crystal cell 25 on 
the side of the display 1 , and a single polarizing plate 
26 on the side of the observer, and displays a stripe- 
shaped parallax barrier pattern. 35 

In this embodiment as well, since the stripe images 
11 A and 11 B on the display 1 and the parallax barrier 
patterns 2 A and 2 B on the spatial light modulation ele- 
ment 2 are synchronously switched and displayed, the 
observer can observe a high-quality stereoscopic image 40 
free from a decrease in resolution of parallax images. 

Fig. 6 is an explanatory view of the relationship be- 
tween the directions of polarization axes of the polariz- 
ing plate and the observation image in this embodiment. 
For example, a case will be examined wherein the dis- 45 
play 1 of this embodiment uses a normally white mode 
liquid crystal display, and the polarization axis of the po- 
larizing plate 22 is perpendicular to the plane of the 
drawing of Fig. 6. At this time, the polarizing plates 22 
and 24 are set to attain a crossed Nicols state. In this so 
state, the polarization axis of only light components of 
the light, which are emitted by the backlight 21 and are 
incident on portions (OFF portions) applied with no volt- 
age of the TN liquid crystal cell 23, is rotated by 90°, and 
these light components are transmitted through the po- ss 
larizing plate 24. 

On the other hand, the spatial light modulation ele- 
ment 2 is also constituted by the TN liquid crystal cell 



25 and the single polarizing plate 26, and a voltage is 
applied to only the slit portions (ON portions) of the par- 
allax barrier pattern. Therefore, the plane of polarization 
of the display image light (the polarization axis is parallel 
to the plane of the drawing) transmitted through the dis- 
play 1 is not modulated by the slit portions (ON portions) 
of the parallax barrier pattern, and the display image 
light is directly transmitted through the polarizing plate 

26 (the polarization axis is parallel to the plane of the 
drawing). A left-eye image (L image) is transmitted in 
the direction of a left eye \. A right-eye image (R image) 
is transmitted in the direction of a right eye A R , and a 
stereoscopic image is observed. The relationship be- 
tween the polarization axes of the polarizing plates and 
the observation image has been described. 

Since the conventional apparatus disclosed in Jap- 
anese Patent Application Laid-Open No. 3-11 9889 uses 
four polarizing plates, the luminance of the displayed im- 
age lowers due to absorption by these polarizing plates. 
However, in this embodiment, Since the number of po- 
larizing plates is decreased by one, the luminance of the 
displayed image can be improved. 

The polarization axis of the polarizing plate consti- 
tuting the spatial light modulation element 2 can be set 
to have a direction other than that described above. For 
example, as shown in Fig. 7, the polarization axis of a 
polarizing plate 26* may be perpendicular to the plane 
of the drawing of Fig. 7, and at that time, no voltage is 
applied to the slit portions of the parallax barrier pattern 
displayed on the spatial light modulation element 2. In 
this case, the plane of polarization of the image display 
light (the polarization axis is parallel to the plane of the 
drawing) transmitted through the display 1 is rotated by 
90° by these slit portions (OFF portions), and the image 
display light is transmitted through the polarizing plate 
26', whose polarization axis is set to be perpendicular 
to the plane of the drawing, so as to become incident on 
the corresponding eyes. That is, in this case, the direc- 
tion of polarization of image light incident on the corre- 
sponding eyes is perpendicular to that shown in Fig. 6. 

Such change similarly occurs on the display mode 
of the liquid crystal panel used as the display 1. In such 
case, the polarization axes of the three polarizing plates 
used in the stereoscopic image display apparatus of the 
present invention can be set in correspondence with the 
respective states. 

Note that the display 1 may be constituted by a self- 
emission type display and a single polarizing plate, as 
shown in Fig. 8. 

Fig. 9 is a schematic diagram showing principal part 
of a stereoscopic image display apparatus according to 
the third embodiment of the present invention. In this 
embodiment, the view point position of the observer is 
automatically detected, and the operation of the stere- 
oscopic image display apparatus is controlled in accord- 
ance with the detection result so as to allow a satisfac- 
tory stereoscopic view over a wide range. 

Referring to Fig. 9, an observer image inputting 
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means 36 inputs an image of the observer who is ob- 
serving this apparatus. The observer image inputting 
means 36 of this embodiment is constituted by a single 
camera. A camera controller 37 controls the observer 
image inputting means 36. A view point position/visual 
axis direction detecting circuit 38 detects the view point 
position and visual axis direction of the observer by per- 
forming image processing of the signal supplied from 
the observer image inputting means 36. The observer 
image inputting means 36, the camera controller 37, the 
view point position/visual axis direction detecting circuit 
38, and the like constitute an observation condition de- 
tecting means 30. 

The operation of this embodiment will be described 
below. The image of the observer picked up by the ob- 
server image inputting means 36 is input to the view 
point position/visual axis direction detecting circuit 38 
via the camera controller 37. The view point position/ 
visual axis direction detecting circuit 38 extracts the im- 
ages of the eyes of the observer by performing image 
processing of the input image, thereby detecting the 
view point position and visual axis direction of the ob- 
server. 

As has been described in the first embodiment, 
since the display operation of the stereoscopic image 
display apparatus of this embodiment is performed 
based on parallax barrier conditional formulas (1) and 
(2) above, if the observer moves backward or forward, 
it is preferable to change, in correspondence with the 
position (observation position) of the observer, the pixel 
interval (width) P of the stripe pixels displayed on the 
display 1 and the width B' of each slit portion of the par- 
allax barrier pattern formed on the spatial light modula- 
tion element 2. 

In this case, since the display 1 uses a liquid crystal 
display having a pixel size of 0.110 mm (horizontal) x 
0.330 mm (vertical) and three pixels correspond to the 
stripe width (the width of each stripe pixel) of the parallax 
image, the pixel interval is P = 0.110 X 3 = 0.330 mm. 

As the first observation conditions, the base length 
and the observation distance are respectively set to be 
O = 65 mm and C = 1,000 mm. With these conditions, 
the conditions for the spatial light modulation element 2 
are set to be D = 5.05 mm and B' = 0.32B3 mm. Note 
that slight fine adjustment is preferably performed in 
consideration of the divergence of the observation 
width. If the observer moves from this position to a po- 
sition at an observation distance of about 1,500 mm, the 
observation distance in the observation conditions 
changes to C = 1,500 mm. In this case, if the interval D 
remains the same, conditional formulas (1 ) and (2) hold 
when the width P of each stripe pixel on the display 1 is 
set to be P = 0.220 mm and the width B' of each slit 
portion of the parallax barrier pattern on the spatial light 
modulation element 2 is set to be B' = 0.2192 mm. In 
this case, each stripe pixel of the stripe image can be 
displayed to have a width P corresponding to two pixels, 
and each slit portion of the parallax barrier pattern can 



be formed to have a width B' corresponding to two pix- 
els. 

As described above, in this embodiment, the obser- 
vation condition detecting means 30 detects the view 
s point position of the observer, and the observation dis- 
tance C is calculated in accordance with the detection 
result. Then, the width P of each stripe pixel constituting 
the stripe image and the width B' of each slit portion of 
the parallax barrier pattern to be displayed on the spatial 
io light modulation element 2 are appropriately controlled 
in accordance with the calculated distance C, thus al- 
lowing a satisfactory stereoscopic view at the observa- 
tion position over a wide range. 

Note that the observation condition detecting 
is means 30 of this embodiment may use two cameras, an 
output from a magnetic sensor which is attached to the 
head portion of the observer and detects a magnetic 
field formed around the observer, or a visual axis detect- 
ing means such as a known eye mark camera. 
20 In this embodiment as well, the observer himself or 
herself may input the view point position using the ob- 
servation condition inputting means 9 or may control an 
adjustment switch while observing the displayed image, 
thus controlling at least one of the constituting elements 
2S of the stripe image and the slit pattern, that display a 
stereoscopic image on the display 1 . 

Fig. 10 is a schematic diagram showing principal 
part of a stereoscopic image display apparatus accord- 
ing to the fourth embodiment of the present invention 
30 The difference between the fourth and third embodi- 
ments is as follows. That is, in the third embodiment, 
when the observation distance C changes, the width P 
of each stripe pixel and the width B' of each slit portion 
of the parallax barrier pattern are changed to display a 
35 stereoscopic image to be observed. However, in this 
embodiment, the distance D between the display 1 and 
the spatial light modulation element 2 is changed to dis- 
play a stereoscopic image to be observed. Other ar- 
rangements are the same as those in the third embod- 
40 iment. 

Referring to Fig. 10, variable spacers 33 control the 
interval D between the display 1 and the spatial light 
modulation element 2, and their lengths change in ac- 
cordance with a signal. A spacer driving means 34 con- 
45 trols the variable spacers 33 in accordance with a signal 
from the image processing means 3. The variable spac- 
ers 33, the spacer driving means 34, and the like con- 
stitute an interval control means. 

The operation of this embodiment will be described 
so below. In this embodiment, the observation condition 
detecting means 30 detects the view point position of 
the observer, and the observation distance C is calcu- 
lated in accordance with the detection result. Then, the 
variable spacers 33 are controlled via the spacer driving 
5S means 34 in accordance with the calculated distance C 
so as to change the interval D between the display 1 
and the spatial light modulation element 2. With this con- 
trol, the observer can observe a stereoscopic image. 
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The principle will be explained below. Formulas (1) 
and (2) are rewritten as follows: 

C = D-(0 + P)/P = k-D (3) 



B* = P.(k - 1 )/k (4) 

for k - (O + P)/P 

With these formulas, when the width P of each 
stripe pixel of the stripe image 11 to be displayed on the 
display 1 and the base length O are determined, k is 
determined, and the width B' of each slit portion of the 
parallax barrier pattern is uniquely determined. Also, the 
interval D is proportional to the observation distance C. 

Therefore, when the interval D between the display 
1 and the spatial light modulation element 2 that forms 
the parallax barrier pattern is controlled in correspond- 
ence with the observation distance C, the above-men- 
tioned conditional formulas hold. 

For example, if the width P of each stripe image is 
set to be P = 0.330 mm and the base length O is set to 
be O = 65 mm, k = 1 97.97, the interval D = 5.05 mm and 
the width B' = 0.3283 mm of each slit portion can be set 
at the position of an observation distance C = 1 ,000 mm 
as one first observation condition. When the observer 
moves to the position at an observation distance C = 
1,500 mm as one second observation condition, the 
above-mentioned conditional formulas hold if the inter- 
val D = 7.58 mm and the width B' = 0.3283 mm of each 
slit portion are set. 

In the apparatus for displaying a stereoscopic im- 
age to follow the view point position like in this embod- 
iment, when the observer moves in the right-and-left di- 
rection, the formation positions of the slit portions of the 
parallax barrier pattern can be appropriately shifted in 
the right-and-left direction in correspondence with the 
view point position of the observer, as shown in Figs. 
1 1 A and IIB, thus satisfactorily displaying a stereoscopic 
image even in such case. 

Assuming that each slit portion of the parallax bar- 
rier pattern is formed to have a width B' corresponding 
to three pixels of the spatial light modulation element 2, 
as indicated by 51 in Fig. 11 A, when the view points 
move laterally to the position of A' R and A' L , as shown 
in Fig. 1 1 B, the slit portions of the parallax barrier pattern 
can be formed while shifting by one pixel relative to the 
stripe image 11 A , as indicated by 51 ' in Fig. 11 B. Thus, 
in such case, the observer can satisfactorily stereoscop- 
ically observe the stripe image 11 A . Note that 52 or 52' 
indicates the position serving as a slit portion of a time- 
sequential parallax barrier pattern, as described above. 

Alternatively, the observer can also satisfactorily 
recognize a stereoscopic image when the position of the 
stripe image 11 displayed on the display 11 shifts in the 
right-and-left direction while the positions of the slit por- 
tions of the parallax barrier pattern remain the same. 



The 11th embodiment to be described later adopts 
the above-mentioned method. 

Figs. 12. to 14D are explanatory views of a stereo- 
scopic image display apparatus according to the fifth 
5 embodiment of the present invention. In the above em- 
bodiments, the parallax images R s and L s used for syn- 
thesizing a stripe image to be displayed on the display 
1 are always the same. In other words, the above-men- 
tioned stereoscopic image display method/apparatus 
10 allows the observer to always satisfactorily observe the 
same stereoscopic image that remains the same even 
when the observer changes the view point position. 

However, in this embodiment, this embodiment 
adopts the display method that gives a wraparound dis- 
is play effect to an image in correspondence with the 
change in view point position of the observer, and the 
parallax images R s and L s to be displayed on the dis- 
play 1 are changed in accordance with the view point 
position of the observer. 
20 Fig. 12 shows, as a display apparatus 20, only a 
portion consisting of the display 1 and the spatial light 
modulation element 2 of the stereoscopic image display 
apparatus of the third or fourth embodiment. Assume 
that the observer observes an image from a position 
25 separated from the display apparatus 20 by the obser- 
vation distance C. Note that the image processing 
means, the observation condition detecting means, and 
the like are not shown. 

On the other hand, Fig. 13 is a schematic view 
30 showing principal part of the parallax image source 15 
of this embodiment. Referring to Fig. 13, cameras K A , 
K B , K c , and K D are aligned at positions separated from 
objects 1 2 by the distance C to be separated by intervals . 
equal to the interval (base length) O between the two 
35 eyes of the observer so as to pick up images of the ob- 
jects. Note that A to D respectively indicate the object- 
side principal points of the optical systems of the cam- 
eras. Therefore, in this embodiment, the parallax image 
source 1 5 always has four original parallax images. 
40 The operation of this embodiment will be described 
below. A case will be examined below wherein the ob- 
server moves from a position 17 (the right eye position 
A R , the left eye position A L ) to a position 19 (the right 
eye position A R " = the left eye position at a position 
45 1 8, the left eye position Aj/) via the position 1 8 (the right 
eye position A R = the left eye position Al at the position 
17, the left eye position A L '), as shown in Fig. 12. 

When the observer is located at the position 17, an 
original parallax image (Fig. 14A) picked up from the 
50 point A by the camera K A is input to the display appara- 
tus 20 as an image R s to be observed by the right eye 
A R of the observer on the display apparatus 20. At the 
same time, an original parallax image (Fig. 14B) picked 
up at the point B by the camera K B is input to the display 
55 apparatus 20 as an image L s to be observed by the left 
eye Al of the observer. 

The display apparatus 20 uses the two original par- 
allax images shown in Figs. 1 4A and 1 4B as those used 
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for synthesizing a stripe image to be displayed on the 
display 1 , and synthesizes and displays the stripe image 
using the image shown in Fig. 14A as the right-eye im- 
age and the image shown in Fig. 14B as the left-eye 
image. In this manner, the observer can observe a ster- 
eoscopic image when he or she observes the objects 
from the positions of the cameras K A and K B . 

When the observer moves to the position 18, the 
original parallax image (Fig. 14B) picked up at the point 
B by the camera K B is input to the display apparatus 20 
as an image R s to be observed by the right eye A R ' of 
the observer. At the same time, an original parallax im- 
age (Fig. 14C) picked up at the point B by the camera 
K c is input to the display apparatus 20 as an image L s 
to be observed by the left eye A L ' of the observer 

The display apparatus 20 uses the two original par- 
allax images shown in Figs. 1 4B and 1 4C as those used 
for synthesizing a stripe image to be displayed on the 
display 1 , and synthesizes and displays the stripe image 
using the image shown in Fig. 14B as the righl-eye im- 
age and the image shown in Fig. 14C as the left-eye 
image. In this manner, the observer can observe a ster- 
eoscopic image when he or she observes the objects 
from the positions of the cameras K B and K c . 

When the observer moves to the position 1 9, the 
original parallax image (Fig. 14C) picked up at the point 
B by the camera K c is input to the display apparatus 20 
as an image R s to be observed by the right eye A R M of 
the observer. At the same time, an original parallax im- 
age (Fig 14D) picked up at the point B by the camera 
K D is input to the display apparatus 20 as an image L s 
to be observed by the left eye A L H of the observer. 

The display apparatus 20 uses the two original par- 
allax images shown in Figs. 1 4C and 1 4D as those used 
for synthesizing a stripe image to be displayed on the 
display 1 , and synthesizes and displays the stripe image 
using the image shown in Fig. 14C as the right-eye im- 
age and the image shown in Fig. 14D as the left -eye 
image. In this manner, the observer can observe a ster- 
eoscopic image when he or she observes the objects 
from the positions of the cameras ^ and K D . 

With the above-mentioned operations, when the 
observer moves and changes his or her view point po- 
sition, a stereoscopic image to be observed is constitut- 
ed by parallax images obtained by viewing the objects 
from different directions, and a "wraparound" stereo- 
scopic image of the objects 12 can be observed. 

In this embodiment, the parallax image source 15 
has parallax image information consisting of four origi- 
nal parallax images. Two out of four original parallax im- 
ages are selected and used in accordance with a signal 
from the observation condition detecting means 30 so 
as to display a stereoscopic image. 

In this embodiment, the object-side principal point 
positions A, B, C, and D of the cameras constituting the 
parallax image source 15 agree with the eye positions 
A Rl A L (= A R '), A L * (= A R "), and A L " at the respective 
observation positions. However, when the right eye of 



the observer is located between A R and A L of the posi- 
tion 17, and the left eye is located between and A L ' 
of the position 18, a single right-eye image (parallax im- 
age) R s is synthesized by performing "image interpola- 
s tion" of two original parallax images shown in Figs. 14A 
and 14B, and a single right-eye image (parallax image) 
L s is synthesized by performing image interpolation of 
two original parallax images shown in Figs. 14B and 
14C. Using these two parallax images R s and L s ob- 
10 tained by synthesizing the original parallax images, a 
stripe image to be displayed on the display 1 can be syn- 
thesized and displayed, thus realizing a more smoothly 
continuous image wraparound effect. 

As the image interpolation method, a known method 
15 using an epipolar plane image (EPI), i.e., a method of 
creating an interpolated image by exploring correspond- 
ing points on an EPI (e.g., R.C. Bolles et. al: Int. J. Com- 
puter Vision, Vol. 1 , No. 1 , pp. 7 - 55, 1 987) may be used. 
When the image interpolation method is used, the 
*o images of the objects 1 2 need not be picked up by the 
four camera systems shown in Fig. 13. For example, us- 
ing two original parallax images picked up by the cam- 
eras at the positions A and D, image interpolation is re- 
peated to form desired parallax images, and a stripe im- 
25 age can be synthesized using the formed parallax im- 
ages. (Note that forming parallax images by interpola- 
tion using those formed by interpolation will be referred 
to as "image re-construction" in the present invention.) 
When the observer moves forward or backward, 
30 parallax images corresponding to the view point position 
may be formed by image interpolation, and a stripe im- 
age can be synthesized using these images. As the 
method of processing these images, a method dis- 
closed in Japanese Patent Application Laid-Open No 
35 7-129792 is effective. 

In the fifth embodiment, as images to be displayed, 
natural images picked up by four cameras are used. Al- 
ternatively, three-dimensional images such as so-called 
CG images created by a computer (e.g., a CAD) may 
40 be used. In this case, since "data" of an object is already 
three-dimensional data, parallax images viewed from 
arbitrary positions can be freely "generated". Therefore, 
a plurality of parallax images corresponding to the re- 
spective view point positions can be generated, and a 
45 stripe image can be synthesized and displayed based 
on these images. 

Conventionally, when a multi-parallax image dis- 
play (called parallax panoramagram) is performed using 
the parallax barrier method so as to broaden the view 
50 range or to give the "wraparound effect", the display res- 
olution lowers to 1/n (where n is the number of parallax 
images used at that time). 

However, in this embodiment, the decrease in res- 
olution is at most 1/2. Furthermore, since this embodi- 
55 ment uses the arrangement of the third or fourth embod- 
iment, a decrease in resolution can be prevented, and 
when the arrangement of the second embodiment is 
adopted, the image luminance can be improved. 
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Figs. 1 5A and 1 5B are explanatory view of the ster- 
eoscopic image display method of a stereoscopic image 
display apparatus according to the sixth embodiment of 
the present invention. In the first embodiment, the image 
display operation on the display 1 and the display oper- 
ation of the parallax barrier pattern on the spatial light 
modulation element 2 are synchronously performed in 
units of pixels on the scan lines. However, in this em- 
bodiment, these display operations are synchronously 
performed in units of scan lines. 

Fig. 15A shows the same display state as that 
shown in Fig. 2A of the first embodiment. In this state, 
when the observer observes the first stripe image 11 A 
via the first parallax barrier pattern 2 A formed on the spa- 
tial light modulation element 2, his or her right and left 
eyes can observe the corresponding parallax images, 
thus attaining a stereoscopic view. 

In this embodiment, when the observer observes 
the second stripe image 1 1 B via the second parallax bar- 
rier pattern 2 B in the stale shown in Fig. 15B, a stereo- 
scopic view can be attained. In this embodiment, the 
stripe image 11 to be displayed on the display 1 and the 
light-transmission portions of the parallax barrier pattern 
formed on the spatial light modulation element 2 are 
synchronously displayed in units of scan lines, and the 
two display states shown in Figs. 15A and 15B are al- 
ternately and repetitively displayed. 

That is, at a certain time (at the time of the display 
state shown in Fig. 15A), the corresponding portion of 
the first stripe image 11 A obtained by arranging the 
stripe pixels Rj and L t of the parallax images R s and L s 
in the order of R lf L 2 , R 3 , L 4 , ... is displayed on a given 
scan line of the display 1 . At the same time, the first par- 
allax barrier pattern 2 A is formed by repetitively display- 
ing the light-transmission portions and the light-shield- 
ing portions in the order of close (light -shielding portion), 
open (light-transmission portion), close, open, ... from 
the point G on the corresponding scan line of the spatial 
light modulation element 2. At this time, only the right- 
eye image constituted by the stripe pixels R lt R 3 , R 5> ... 
is incident on the right eye A R> and only the left-eye im- 
age constituted by the stripe pixels L^, L 4 , L^,. .. is inci- 
dent on the left eye \, thus attaining a stereoscopic 
view. (Note that the right- and left-eye images have a 
resolution 1/2 that of the display surface of the display 
1) 

At a time at which one frame has been scanned and 
the same scan line as described above is being scanned 
(at the time of the display state shown in Fig. 1 5B), the 
second stripe image 11 B obtained by arranging the 
stripe pixels R { and Lj of the parallax images R s and L s 
in the order of Lj, R 2 , L 3 , R 4 ,... is displayed on the scan 
line of the display 1 . At the same time, the second par- 
allax barrier pattern 2 B is formed by repetitively display- 
ing the light-transmission portions and light-shielding 
portions in the order of open, close, open, close, open, 
close, from the point G on the corresponding scan line 
of the spatia I light modulation element 2 (the second and 



first parallax barrier patterns 2 B and 2 A have opposite 
arrangements of the light-transmission portions and the 
light-shielding portions). At this time, only the right-eye 
parallax image constituted by the stripe pixels F^, R 4 , 
5 R 6 ,... is incident on the right eye A R , and only the left- 
eye parallax image constituted by the stripe pixels L,, 
L 3 , L 5> ... is incident on the left eye Al, thus similarly at- 
taining a stereoscopic view. 

When these two-display states are alternately and 
io time-sequentially displayed at a high-speed frame rate, 
the right eye can observe the entire parallax image R s 
constituted by the stripe pixels R v F^, R 3 , R 4 ,..., and 
the left eye can observe the entire parallax image L s 
constituted by the stripe pixels L 1t L 2 , L 3 , L 4 ,..., As a re- 
1 $ suit, the observer can observe a high-quality stereo- 
scopic image without the display resolution of the dis- 
play 1 being reduced. 

In the conventional stereoscopic image display 
method, the resolutions of images to be observed by the 
20 right and left eyes lower to 1/2 the display resolution of 
the display to be used. However, in this embodiment, an 
image having a resolution twice that of the image dis- 
played by the conventional method can be displayed. 
The display switching operations of the display 1 
2S and the spatial light modulation element 2 of this em- 
bodiment will be described in more detail below with ref- 
erence to Figs. 16A to 16C. Figs. 16A to 16C show a 
case wherein the display 1 and the spatial light modu- 
lation element 2 are driven in a non-interlace manner 
30 using the circuit arrangement shown in Fig. 3. In each 
of Figs. 1 6A to 1 6C, the left drawing indicates the display 
state of the display 1 , and the right drawing indicates the 
parallax barrier pattern to be displayed on the spatial 
light modulation element 2. 
3S Figs. 1 6A and 1 6C respectively show states where- 
in the images to be displayed on the display 1 have been 
completely switched to the first and second stripe imag- 
es 11 A and 11 B> and Fig. 16B shows the intermediate 
scanning state between Figs. 16Aand 16C, i.e., the dis- 
40 play state at the time upon completion of scanning of 
the fifth scan line Y5. 

As shown in Fig. 16A, at a certain time (at the time 
upon completion of scanning of the entire screen), the 
first stripe image 11 A obtained by arranging the stripe 
45 pixels in the order of R 1s L 2 , R 3 , L 4> ... is displayed on the 
entire screen of the display 1 , and the first parallax bar- 
rier pattern 2 A obtained by arranging stripe patterns in 
the order of close, open, close, open, ... is displayed on 
the spatial light modulation element 2. 
so From this state, the first scan line Y1 is selected, 
the corresponding portion of the second stripe image 
11 B obtained by arranging stripe pixels in the order of 
L v R 2 , L 3 , R 4> ... is displayed on the scan line Y1 of the 
display 1 , and the corresponding portion of the second 
5S parallax barrier pattern 2 B obtained by arranging stripe 
patterns in the order of open, close, open, close, ... is 
displayed on the scan line Y1 of the spatial light modu- 
lation element 2 in synchronism with the scan line Yl of 
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the display 1. Fig. 16B shows the display state at the 
time upon completion of scanning of the fifth scan line 
Y5 after the above-mentioned operation is repeated in 
turn in the order of scan lines Y1, Y2,.... 

In this embodiment, the display driving operations 
of the display 1 and the spatial light modulation element 
2 are synchronously performed in units of scan lines. 
Fig. 16C shows the state upon completion of scanning 
of all the scan lines. In this state, the display 1 displays 
the second stripe image 11 B , which complements the 
first stripe image 11 A shown in Fig. 16 A. In Fig. 16 A, the 
odd stripe pixels R 1? R 3 , R 5> ... of the right parallax image 
R s are displayed, while in Fig. 16C, the even stripe pix- 
els R 2 , R 4 , R 6 ,... of the right parallax image R s are dis- 
played. On the other hand, in Fig. 16 A, the even stripe 
pixels L 2 , L 4 , L 6> ... of the left parallax image L s are dis- 
played, while in Fig. 16C, the odd stripe pixels L 1t L 3 , 
L 5 ,... of the left parallax image L s are displayed. 

Upon completion of a series of scanning operations 
(the rewrite display operations of all the scan lines), the 
right and left parallax images R s and L s are displayed 
on all the pixels constituting the display 1 . 

At this time, since the parallax barrier pattern to be 
formed on the spatial light modulation element 2 is syn- 
chronously switched and displayed in units of scan lines, 
even when a stripe image which is being rewritten or 
has been rewritten is observed via the spatial light mod- 
ulation element 2, a stereoscopic view can be attained 
on the basis of the principle of the parallax barrier meth- 
od with almost no crosstalk. Therefore, the observer can 
observe a high-resolution stereoscopic image displayed 
on all the pixels of the display. 

In this embodiment, the display width P of each 
stripe pixel constituting the right and left parallax images 
matches one pixel of the display 1 , and the display width 
of each of the light-transmission portions and the light- 
shielding portions of the parallax barrier pattern match- 
es one pixel on the display surface of the spatial light 
modulation element 2. However, the present invention 
is not limited to this formation method of the parallax 
barrier pattern. For example, as shown in Fig. 17, the 
display width P of each stripe pixel may correspond to 
a plurality of pixels of the display 1 , and the display width 
B' of each of the light-transmission portions and the 
light-shielding portions of the parallax barrier pattern 
may correspond to a plurality of pixels of the spatial light 
modulation element 2. These display widths can be in- 
dependently selected. For example, the display width P 
of each stripe pixel may correspond to one pixel width 
of the display 1 , and the display width B' of each of the 
light-transmission portions and the light-shielding por- 
tions of the parallax barrier pattern may correspond to 
a plurality of pixels of the spatial light modulation ele- 
ment 2. This applies to all the embodiments of the 
present invention. 

Fig. 18 is an explanatory view of the stereoscopic 
image display method of a stereoscopic image display 
apparatus according to the seventh embodiment of the 



present invention. The arrangement of the apparatus of 
this embodiment is basically same as that of the sixth 
embodiment. In the sixth embodiment, the stripe image 
1 1 A or 1 1 B is displayed on the entire surface of the dis- 
5 play 1 , and the parallax barrier pattern 2 A or 2 B is syn- 
chronously formed on the entire display surface of the 
spatial light modulation element 2 in units of scan lines, 
thereby displaying a stereoscopic image on the entire 
display surface of the display 1 . However, in this embod- 
io iment, a stereoscopic image can be displayed on only 
a portion of the display surface of the display 1 as if a 
window of a computer were opened. This point is differ- 
ent from the sixth embodiment. 

In this embodiment, at the beginning of the opera- 
1 s tion of the stereoscopic image display apparatus, the 
observation condition inputting means 9 inputs a display 
range (region) 41 of a stereoscopic image on the display 
surface of the display 1 , as shown in the left drawing in 
Fig. 18. A stripe image is displayed only on the desig- 
20 nated region, and a two-dimensional image (non-stripe 
image) is displayed on the remaining region. At the 
same time, the parallax barrier pattern is formed on only 
a region 42, corresponding to the region 41 of the dis- 
play 1 , on the spatial light modulation element 2, and 
2S the remaining region is set in a light-transmission state. 
With this operation, a stereoscopic image can be ob- 
served only on the desired region 41 on the basis of the 
stripe image, and the two-dimensional image can be ob- 
served on a portion where the stripe image is not dis- 
30 played. 

In this embodiment, when a stereoscopic image is . 
to be displayed on the region 41 , the display operations 
of the display 1 and the spatial light modulation element 
2 are synchronously performed in units of scan lines, as 
35 has been described in the sixth embodiment. Fig. 18 il- 
lustrates a state at the instance upon completion of 
scanning of the fifth scan line Y5 after the next image 
display operation is started from the state wherein the 
second stripe image 11 B obtained by arranging stripe 
^0 pixels in the order of L 1( R 2 , L 3 , R 4 , L 5 , R 6l ... is displayed 
on the entire region 41 , so that the first stripe image 11 A 
obtained by arranging stripe pixels in the order of R v 
L 2> R 3. L 4> R 5> L 6- is switched and displayed on the 
region 41 from the fourth scan line, and at the same time, 
45 the light-transmission portions and the light-shielding 
portions of the corresponding portion of the spatial light 
modulation element 2 are switched in synchronism with 
the scan lines. 

In this embodiment, a stereoscopic image can be 
50 displayed on a portion of the display 1 , so as to display 
both the stereoscopic image and a non -stereoscopic im- 
age, and the stripe image 11 to be displayed on the re- 
gion 41 of the display 1 and the parallax barrier pattern 
to be formed on the region 42 of the spatial light modu- 
55 lation element 2 are synchronously displayed in units of 
scan lines. Therefore, even when the observer observes 
a locally displayed stripe image, he or she can attain a 
stereoscopic view based on the principle of the parallax 
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barrier method without any crosstalk. 

In this embodiment, the size of the display region 
41 of the locally displayed stereoscopic image can be 
selected within the display screen size of the display 1 , 
and the two-dimensional display position of the display 
region can also be appropriately selected within the dis- 
play screen. 

Note that the width P of each stripe pixel, the 
number of stripe pixels, the display region of the stripe 
image on the display 1 , and the like are the constituting 
elements of the stripe image, and the width B* of each 
of the slit portions and the light-shielding portions of the 
parallax barrier pattern, the formation region of the par- 
allax barrier pattern on the spatial light modulation ele- 
ment 2, and the like are the constituting elements of the 
slit pattern. 

In this case, the display driving operations of the dis- 
play 1 and the spatial light modulation element 2 may 
be synchronously performed in units of pixels like in the 
first embodiment. 

Figs. 1 9A to 1 9C are explanatory views of the ster- 
eoscopic image display method of a stereoscopic image 
display apparatus according to the eighth embodiment 
of the present invention. The arrangement of the appa- 
ratus of this embodiment is basically same as that of the 
seventh embodiment. The difference between this em- 
bodiment and the seventh embodiment is as follows. 
That is, in this embodiment, the parallax barrier pattern 
is always formed on the display region of a two<Jimen- 
sional image (non-stripe image), i.e., on a region other 
than the region 41 of the display 1. A case will be ex- 
plained below wherein a stereoscopic image is dis- 
played only on the region 41 on the display surface of 
the display 1 as in the seventh embodiment. 

The state shown in Fig. 1 9A will be explained below. 
In this embodiment, as shown in the left drawing of Fig. 
1 9A, a normal two-dimensional image is displayed on a 
region from the first scan line Y1 to the third scan line 
Y3 of the display 1. At this time, as shown in the right 
drawing of Fig. 1 9A, the stripe-shaped first parallax bar- 
rier pattern 2 A (close, open, close, open,...) is displayed 
on the pixels on the respective scan lines on the entire 
display surface of the spatial light modulation element 
2 in synchronism with the scanning timings of the scan 
lines of the display 1. 

Upon scanning of the fourth scan line Y4, the dis- 
play 1 displays stripe pixels R, L, R, L, R, L,... (the stripe 
pixels will be simply abbreviated as above although they 
are R^ L 2 , R 3 , L 4 , R 5 , in practice) in the range from 
the first pixel to the sixth pixel Xg, and displays an 
image portion, corresponding to the seventh pixel X 7 to 
the 12th pixel X 12 , of the two-dimensional image in the 
range of these pixels. 

The spatial light modulation element 2 displays the 
first parallax barrier pattern 2 A (close, open, close, 
open,...) on all the pixels from the first pixel X 1 to the 
12th pixel X 12 on the fourth scan line Y4 in synchronism 
with the timing of the corresponding scan line of the dis- 



play 1 . Fig. 1 9A shows the state after similar scanning/ 
display operations are performed from the fifth scan line 
Y5 to the eighth scan line Y6. 

The state shown in Fig. 1 9B will be explained below. 

5 Upon completion of scanning up to the eighth scan line 
Y8 in Fig. 19 A, the scanning operation is restarted from 
the first scan line Y1. At this time, a normal two-dimen- 
sional image is displayed on the display 1 in the scan- 
ning operation from the first scan line Y1 to the third scan 

10 line Y3 as in the above-mentioned operation, but the 
second parallax barrier pattern 2 B (open, close, open, 
close,...) is displayed on all the scan lines of the spatial 
light modulation element 2. Upon scanning of the fourth 
scan line Y4, the display 1 displays stripe pixels L, R, L, 

'5 R, l, R. .. (the stripe pixels will be simply abbreviated 
as above although they are L 1t R 2 , L 3 , R 4 , L 5 , R 6: ... in 
practice) in the range from the first pixel X, to the sixth 
pixel X 6 , and displays an image portion, corresponding 
to the seventh pixel X 7 to the 12th pixel X 12 , of the two- 
20 dimensional image in the range of these pixels, as in the 
above-mentioned operation. 

The spatial light modulation element 2 displays the 
second parallax barrier pattern 2 B (open, close, open, 
close,...) on all the pixels from the first pixel X-, to the 
25 12th pixel X 12 on the fourth scan line Y4 in synchronism 
with the timing of the corresponding scan line of the dis- 
play 1. Fig. 19B shows the state after similar scanning/ 
display operations are performed up to the fifth scan line 
Y5. 

30 Fig 19C shows the state upon completion of the 

above-mentioned scanning/display operations up to the 
last scan line Y8. 

On the region 41 for displaying a stereoscopic im- 
age, upon completion of a series of scanning operations 
35 (the rewrite display operations of all the scan lines) as 
in the first embodiment, the right and left parallax images 
R s and L s are-displayed on all the pixels in the region 
41 . Therefore, this embodiment can realize the display 
operations of both a stereoscopic image and a non -ster- 
eo eoscopic image, and a high -resolution stereoscopic im- 
age free from crosstalk between the right and left imag- 
es can be displayed in the stereoscopic display region 
41. 

Furthermore, since the parallax barrier pattern is 
45 displayed on the entire surface of the spatial light mod- 
ulation element 2 in this embodiment, the arrangement 
of the barrier driving circuit can be simplified as com- 
pared to the seventh embodiment. 

The above embodiments have exemplified the ster- 
eo eoscopic image display apparatuses based on the non- 
interlace driving method. However, a stereoscopic im- 
age display apparatus of the present invention can be 
constituted using an interlace driving method. 

Figs. 20A to 20D are explanatory views of the ster- 
55 eoscopic image display method of a stereoscopic image 
display apparatus according to the ninth embodiment of 
the present invention. The left drawing of each of Figs. 
20 A to 20D shows the display state of the display 1 . and 
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the right drawing thereof shows the parallax barrier pat- 
tern to be formed on the spatial light modulation element 
2. The arrangement of this embodiment is basically the 
same as that of the sixth embodiment- The difference 
between this embodiment and the sixth embodiment is 
that a stereoscopic image is displayed using an interlace 
scanning method in this embodiment. Other arrange- 
ments are the same as those in the sixth embodiment. 

Figs. 20A and 20D respectively show the same 
states as those shown in Figs. 16Aand 16C of the sixth 
embodiment. Fig. 20B shows the state upon completion 
of scanning of the odd scan lines of the display 1 and 
the spatial light modulation element 2 in this embodi- 
ment, and Fig. 20C shows the state upon completion of 
scanning of two lines (scan lines Y2 and Y4) of the even 
scan lines. 

As shown in Fig. 20A, at a certain time (at the time 
of completion of scanning of the entire screen), the first 
stripe image 11 A obtained by arranging stripe pixels in 
the order of R, L, R, L, ... (the stripe pixels will be simply 
abbreviated as above although they are R^ L 2 , R 3 , L 4 ,... 
in practice) is displayed on the entire surface of the dis- 
play 1, and the stripe-shaped first parallax barrier pat- 
tern 2 A (close, open, close, open,...) is displayed on the 
spatial light modulation element 2. 

Then, an odd scan line, e.g., the first scan line Y1, 
is selected, and the corresponding portion of the second 
stripe image 11 B obtained by arranging stripe pixels in 
the order of L, R, L, R, ... (the stripe pixels will be simply 
abbreviated as above although they are L v R 2 , L 3> R 4> ... 
in practice) is displayed on the portion of the first scan 
line Y1 on the display 1 . At the same time, the corre- 
sponding portion of the stripe-shaped parallax barrier 
pattern 2 B (open, close ; open, close,...) is displayed on 
the portion of the first scan line Y1 of the spatial light 
modulation element 2. In this manner, the display driving 
operations of the display 1 and the spatial light modula- 
tion element 2 are synchronously performed in units of 
scan lines. Fig. 20B shows the display state at the time 
upon completbn of scanning of all the odd scan lines 
after the above-mentioned operation is sequentially re- 
peated for the scan lines. 

Subsequently, an even scan line, e.g., the second 
scan line Y2, is selected, and the corresponding portion 
of the second stripe image 1 1 B obtained by arranging 
stripe pixels in the order of L, R, L, R,... is displayed on 
the portion of the second scan line Y2 on the display 1. 
At the same time, the corresponding portion of the sec- 
ond parallax barrier pattern 2 B (open, close, open, 
close,...) is displayed on the portion of the second scan 
line Y2 of the spatial light modulation element 2. Fig. 
20C shows the display state at the time upon completion 
of scanning of the fourth scan line Y4 after the above- 
mentioned operation is sequentially repeated for even 
scan lines. 

Fig. 20D shows the state upon completion of the 
scanning/display operations of all the even scan lines. 
In this state, the display 1 displays the second stripe pat- 



tern 11 B which complements the first stripe image 11 A 
shown in Fig. 20A. On the other hand, the spatial light 
modulation element 2 displays the second parallax bar- 
rier pattern 2 B . 

5 Upon completion of a series of scanning operations 

(the rewrite display operations of all the scan lines), the 
right and left parallax images R s and L s are displayed 
on all the pixels of the display 1 . 

At this time, since the parallax barrier pattern is dis- 
10 played in synchronism with a stripe image in units of 
scan lines, even when the observer observes the stripe 
image which is being rewritten or has been rewritten via 
the parallax barrier pattern, he or she can enjoy a ster- 
eoscopic view based on the principle of the parallax bar- 
's her method without causing any crosstalk, and can ob- 
serve a stereoscopic image displayed on all the pixels 
of the display 1 . 

When the display operation is performed using the 
interlace driving method, odd and even scan lines can 
20 be alternately displayed in units of fields. For this rea- 
son, even when the display 1 and the spatial light mod- 
ulation element 2 comprise liquid crystal elements with 
a slightly low display speed, a high-resolution stereo- 
scopic image free from any flicker can be displayed. 
25 This display method can be applied to the method 
for displaying a stereoscopic image on a portion on the 
screen of the display apparatus described in the seventh 
and eighth embodiments. 

The interlace driving method can also be applied to 
30 the method of synchronously displaying a stripe image 
and a parallax barrier pattern in units of pixels in the first 
embodiment. 

Fig. 21 is a schematic diagram showing principal 
part of a stereoscopic image display apparatus accord- 
35 ing to the 10th embodiment of the present invention. 
Figs. 22A and 22B are explanatory views of the stereo- 
scopic image display method of this embodiment. Note 
that the layout of the display 1 and the spatial light mod- 
ulation element 2 of this embodiment is the same as that 
40 in the sixth embodiment. This embodiment comprises 
the observation condition inputting means 9 and the par- 
allax image source 1 5 as in the first embodiment al- 
though they are not shown. In this embodiment, the di- 
rections of the scan lines and data lines of the display 1 
45 and the spatial light modulation element 2 are rotated 
by 90° as compared to the above embodiments. That 
is, in this embodiment, the scanning operation is per- 
formed in the vertical direction. 

The display method will be explained below. As 
50 shown in Fig. 22A, the first scan line Y1 is selected at a 
certain time, and the display 1 displays stripe pixels R 1 
of the right parallax image R s on all the pixels from the 
first pixel X 1 to the last pixel X 8 on its first scan line Y1 . 
At this time, as shown in Fig. 22B, the spatial light mod- 
55 ulation element 2 forms a light-shielding portion from the 
first pixel X 1 to the last pixel X 8 on its first scan line Y1 . 
Then, the second scan line Y2 is selected, and the dis- 
play 1 displays stripe pixels L 2 of the left parallax image 
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L s on all the pixels from the first pixel X, to the last pixel 
X 8 on its second scan line Y2. In synchronism wilh this 
display operation, the spatial light modulation element 
2 forms a light-transmission portion on all the pixels on 
its second scan line Y2. 

A similar driving operation is sequentially performed 
to display all the pixels. Figs. 22A and 22B show the 
state upon completion of scanning of the seventh scan 
line Y7. 

In this embodiment, as described above : since the 
stripe image 11 A or 11 B and the parallax barrier pattern 
2 A or 2 B are formed in synchronism with each other in 
units of scan lines Yi of the display 1 and the spatial light 
modulation element 2, the observer can observe a ster- 
eoscopic image free from any crosstalk. 

As can be seen from Figs. 22A and 22B, when the 
scan lines are set in the vertical direction as in this em- 
bodiment, a stripe image portion or a parallax barrier 
pattern portion to be displayed on each scan line can be 
defined by only stripe pixels Rj or Lj of one of the right 
and left parallax images R s and L s> or the light-trans- 
mission portion or the light-shielding portion. For this 
reason, unlike in the above embodiments, stripe pixels 
need not be alternately arranged and displayed like R, 
L, R, L, R, L,... along one scan line, nor the light-shield- 
ing portions and the light-transmission portions need be 
alternately formed and displayed, thus simplifying the 
display circuit. 

In this embodiment, the display 1 and the spatial 
light modulation element 2 are driven in accordance with 
synchronizing signals supplied from the image process- 
ing means 3. However, various other driving methods 
may be used. For example, the display driving circuit 4 
may generate a synchronizing signal to determine the 
driving timing of the barrier driving circuit 5, or the Y driv- 
ers may attain synchronization. 

This embodiment adopts a driving method similar 
to the non-interlace driving method for sequentially per- 
forming scanning from the first scan line Y1. However, 
an interlace driving method for displaying odd scan 
lines, and then displaying even scan lines may be used. 

Fig. 23 is a schematic diagram showing principal 
part of a stereoscopic image display apparatus accord- 
ing to the 11th embodiment of the present invention. 
This embodiment presents a developed form of the sixth 
embodiment. That is, in this embodiment, the viewpoint 
position of the observer is detected, and the relative po- 
sitional relationship between the parallax barrier pattern 
and the stripe image to be displayed on the display 1 is 
controlled in accordance with the view point position of 
the observer, thus allowing a stereoscopic view over a 
broad range. 

Referring to Fig. 23, the observation condition de- 
tecting means 30 (described above in the third embod- 
iment) picks up an image of the observer using a cam- 
era, extracts the images of the eyes of the observer by 
performing image processing of the input images, and 
detects the view point position of the observer. The ob- 



servation condition inputting means 9 is used for man- 
ually inputting the view point position of the observer as 
needed. An image and barrier positions calculating 
means 44 calculates an optimal relative positional rela- 
5 tionship between the parallax barrier pattern and the 
stripe image to be displayed on the display 1 on the ba- 
sis of the view point position information input from the 
observation condition detecting means 30 or the obser- 
vation condition inputting means 9, and outputs a signal 
10 to a barrier position controlling circuit 45 and the image 
processing means 3. The barrier position controlling cir- 
cuit 45 controls the barrier driving circuit 5 on the basis 
of the input signal so as to form an optimal parallax bar- 
rier pattern on the spatial light modulation element 2. 
is The spatial light modulation element 2 is driven by 
X drivers 81 and 82. The X driver 81 drives odd pixels, 
and the X driver 82 drives even pixels. 

The operation of this embodiment will be described 
below. Referring to Fig. 23, the observation condition 
20 detecting means 30 or the observation condition input- 
ting means 9 inputs the view point position information 
of the observer to the image and barrier positions cal- 
culating means 44. The image and barrier positions cal- 
culating means 44 calculates an optimal relative posi- 
es tional relationship between the stripe image 11 to be dis- 
played on the display 1 and, for example, the light-trans- 
mission portions of the parallax barrier pattern to be 
formed on the spatial light modulation element 2 on the 
basis of the input view point position information, and 
30 outputs a signal to the barrier position controlling circuit 
45 and the image processing means 3. The barrier po- 
sition controlling circuit 45 controls the barrier driving cir- 
cuit 5 on the basis of the input signal to form the parallax 
barrier pattern at an optimal position on the spatial light 
35 modulation element 2. 

At the same time, the image processing means 3 
displays the stripe image at an optimal position on the 
display 1 on the basts of the signal input form the image 
and barrier positions calculating means 44. 
*o Figs. 24A to 24C show the display state (Fig. 24A) 
of the display 1 when the display is driven by the non- 
interlace method, and the parallax barrier pattern (Fig. 
24B) formed on the spatial light modulation element 2. 
Fig. 24C shows the driving state wherein when the 
^5 observer moves in the right-and-left direction, the view 
point position after the movement is detected, and the 
position of the parallax barrier pattern to be formed on 
the spatial light modulation element 2 is shilted by one 
pixel in the right-and-left direction. Note that Figs. 24A 
50 to 24C show the display states at the time upon com- 
pletion of scanning of the fifth scan line Y5. 

In this embodiment, the width P of each stripe pixel 
to be displayed on the display 1 is set to be equal to the 
one-pixel width of the display 1 , and the width B' of the 
55 light-transmission portion or the light-shielding portion 
of the parallax barrier pattern to be formed on the spatial 
light modulation element 2 is set to be equal to the two- 
pixel width of the spatial light modulation element 2. 



19 



37 



EP 0 744 872 A2 



38 



Figs. 25A and 25B are explanatory views of the 
movement of the parallax barrier pattern in correspond- 
ence with the movement of the view point position in this 
embodiment. Figs. 25A and 25B show the relationship 
among the stripe image, the parallax barrier pattern, and 
the view point position of the observer in a certain por- 
tion along the first scan line Y1 . 

A case will be explained below wherein the stripe 
image to be displayed on the display 1 is fixed in posi- 
tion, and the positions of the light-transmission portions 
of the parallax barrier pattern to be formed on the spatial 
light modulation element 2 are controlled to optimal po- 
sitions, upon movement of the observer. As shown in 
Fig. 25A, the observer observes a right stripe pixel R 3 
via a light-transmission portion 51 with his or her eight 
eye A R , and observes a left stripe pixel L 2 via the light- 
transmission portion 51 with his or her left eye A L , thus 
observing a stereoscopic image. 

Assume that the eyes of the observer move from 
this state to positions A' R and A' L in the right-and-left 
direction, as shown in Fig. 25B. A light-transmission por- 
tion 51 ' of the parallax barrier pattern is formed on the 
spatial light modulation element 2 upon being moved in 
the right-and-left direction by a width Pb of one pixel of 
the spatial light modulation element 2. The driving op- 
eration of the scan line is performed in synchronism with 
the scanning operation of the display 1 , as described in 
the above embodiments. With this operation, the ob- 
server observes the right stripe pixel R 3 via the light- 
transmission portion 51 ' with his or her right eye A' R> and 
observes the left stripe pixel L 2 via the light-transmission 
portion 5V with his or her left eye A' L , thus observing a 
stereoscopic image. 

At this time, the light-transmission portion or light- 
shielding portion of the parallax barrier pattern to be 
formed on the spatial light modulation element 2 is pref- 
erably constituted by a plurality of pixels of the spatial 
light modulation element 2, since the parallax barrier 
pattern can then be moved at a fine pitch. 

In contrast to the above description, when the view 
point position moves, the positions of the light-transmis- 
sion portions of the parallax barrier pattern may remain 
the same, and the position of the stripe image to be dis- 
played on the display 1 may be shifted in the right-and- 
left direction. At this time, the width of each stripe pixel 
to be displayed on the display 1 is preferably constituted 
by a plurality of pixels of the display 1 . That is, the dis- 
play width P of each stripe pixel to be displayed on the 
display 1 is set to be equal to the total width of a plurality 
of pixels of the display 1 . 

As described above, in this embodiment, even 
when the view point of the observer moves, the obser- 
vation condition detecting means automatically detects 
the view point position of the observer to control the dis- 
play position of the stripe image and the formation po- 
sition of the parallax barrier pattern, so that the right and 
left parallax images can always be normally observed 
from the view point position of the observer. For this rea- 



son, the observation range of a stereoscopic image can 
be broadened very much That is, in this embodiment, 
at least one of the constituting elements of the stripe 
image and the parallax barrier pattern is controlled in 

5 accordance with the signal from the observation condi- 
tion detecting means or the observation condition input- 
ting means so as to move the observation range of a 
stereoscopic image in correspondence with the move- 
ment of the view point position of the observer. 

io Note that the observation condition detecting 
means 30 may use a method for obtaining distance in- 
formation on the basis of the principle of trigonometrical 
measurement using a plurality of cameras, and detect- 
ing the view point position of the observer. 

15 Alternatively, a magnetic field may be formed 
around the observer, a magnetic sensor may be at- 
tached to the head portion of the observer, and the out- 
put from this sensor may be used. In addition to the 
above-mentioned observation condition detecting 
20 means, the observer himself or herself may control, e. 
g., an adjustment switch while observing the displayed 
image. 

Fig. 26 is a schematic diagram showing principal 
part of a stereoscopic image display apparatus accord- 

25 ing to the 1 2th embodiment of the present invention. The 
arrangement of this apparatus is substantially the same 
as that of the sixth embodiment, except for the driving 
circuits for the display 1 and the spatial light modulation 
element 2 Note that the observation condition inputting 

30 means 9 and the parallax image source 15 are not 
shown. This embodiment is different from the sixth em- 
bodiment in that two X drivers and two Y drivers are ar- 
ranged for each of the display 1 and the spatial light 
modulation element 2, and each display screen is two- 

35 divisionally driven. For example, when VGA (640 X 480 
pixels) liquid crystal displays are used as the display 1 
and the spatial light modulation element 2, each of these 
liquid crystal displays is divided into two portions (each 
having 320 scan lines) to be driven by Y drivers 71 a and 

40 71 b or 72a and 72b. In this embodiment, the non-inter- 
lace driving method is used, and Figs. 27A and 27B 
show the display states of the display 1 and the spatial 
light modulation element 2 of this embodiment. 

At a certain scan time, the display 1 receives an im- 

45 age signal on the basis of a synchronizing signal from 
the image processing means 3, and displays a stripe 
image generated based on the right and left parallax im- 
ages. Fig. 27A shows the state upon completion of scan- 
ning of the second scan lines Ya2 and Yb2 of the Y driv- 

50 ers 71a and 71b. 

The display method will be described below. As- 
sume that the first stripe image 11 A obtained by arrang- 
ing stripe pixels in the order of R v L 2 , R 3 , L 4 , .. is dis- 
played on the entire surface of the display 1 at a certain 
55 time (at the time of completion of scanning of the entire 
screen). When first scan lines Yal and Ybl of the Y driv- 
ers 71a and 71b are selected and scanned again, the 
corresponding portions of the second stripe image 11 B 
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obtained by arranging stripe pixels in the order of L 1 , R 2 , 
L 3 , R 4 ,... are displayed on these scan lines. Subse- 
quently, second scan lines Ya2 and Yb2 are selected, 
and the corresponding portions of the second stripe im- 
age 11 B are displayed on these scan lines. Fig. 27A 
shows the state at that time. 

A parallax barrier pattern is similarly formed on the 
spatial light modulation element 2. That is, at a certain 
time (at the time of completion ot scanning of the entire 
screen), the stripe-shaped first parallax barrier pattern 
2 A obtained by arranging the light-transmission portions 
and the light-shielding portions in the order of close, 
open, close, open, ... is displayed on the spatial light 
modulation element 2. When first scan lines Ya1 and 
Yb1 of the Y drivers 72a and 72b are selected and 
scanned again, the corresponding portions of the stripe- 
shaped second parallax barrier pattern 11 B obtained by 
arranging the light-transmission portions and the light- 
shielding portions in the order of open, close : open, 
close,... are displayed on these scan lines. Subsequent- 
ly, second scan lines Ya2 and Yb2 are selected and 
scanned, and the corresponding portions of the second 
parallax barrier pattern 1 1 B are displayed on these scan 
lines. Fig. 27B shows the state at that time. 

At this time, the second scan lines Ya2 and Yb2 of 
the Y drivers 71 a and 71 b, and 72a and 72b of the dis- 
play 1 and the spatial light modulation element 2 are 
synchronously driven by the image processing means 
3. That is, in this embodiment, four scan lines are 
scanned at the same time. For this reason, two each 
data lines (X drivers) are provided in correspondence 
with the Y drivers. 

As described above, when the display screens of 
the display 1 and the spatial light modulation element 2 
are two-divisionally driven, the display operation can be 
attained at a doubled driving speed, and a stereoscopic 
image from which flicker noise can be further eliminated 
as compared to the sixth embodiment and the like can 
be displayed. 

In this embodiment, the display 1 and the spatial 
light modulation element 2 are synchronously driven in 
units of scan lines but may be synchronously driven in 
units of pixels as in the first embodiment. 

Figs. 28A and 28B are explanatory views of the dis- 
play states of a stereoscopic image display apparatus 
according to the 13th embodiment of the present inven- 
tion. Figs. 28A and 28B respectively show the display 
states of the display 1 and the spatial light modulation 
element 2. The arrangement of this embodiment is ba- 
sically the same as that of the first embodiment. How- 
ever, in this embodiment, when the display 1 and the 
spatial light modulation element 2 are synchronously 
driven in units of pixels, the light-shielding portion 
(close) is precedently displayed across several pixels 
on the spatial light modulation element 2. 

As shown in Fig. 28A, the display 1 displays the cor- 
responding portion of the first stripe image 11 A obtained 
by arranging stripe pixels in the order of R v L 2 . R 3 , L 4 , 



R 5 , Lfj.... (R, L, R, L, R, L,... in Fig. 28A) on the first scan 
line Y1 . At the same time, as shown in Fig. 28B, the spa- 
tial light modulation element 2 displays the correspond- 
ing portion of the first parallax barrier pattern 2 A ob- 
s tained by alternately arranging the light-shielding por- 
tions and the light-transmission portions in the order of 
close, open, close, open, close, open,... on the first scan 
line Y1 . In the case of the non-interlace driving method, 
the second scan line Y2 is selected, and the correspond- 
io ing portions of the first stripe image 1 1 A and the first par- 
allax barrier pattern 2 A are displayed as in the first scan 
line. This operation is sequentially repeated to display 
the first stripe image 11 A on the entire display surface. 
When this image is observed via the first parallax barrier 
is pattern 2 A , a stereoscopic image can be observed. 

Figs. 28A and 28B illustrate the display state where- 
in the fifth scan line Y5 is selected before completing all 
the scanning operations, pixel data of the seventh pixel 
X 7 is displayed on the display 1 (Fig. 28A), and the par- 
20 allax barrier pattern is formed on the spatial light mod- 
ulation element 2 (Fig. 28B). 

In this embodiment, at this time, as shown in Fig. 
28B, the light-shielding portion (close) is precedently 
displayed across several pixels (three pixels, i.e., the 
2S eighth pixel X 8 to the lath pixel X 10 on the fifth scan line 
Y5) preceding to the seventh pixel X 7 on the fifth scan 
line Y5 of the spatial light modulation element 2, and 
pixel data up to the 10th pixel X 10 on the fifth scan line 
Y5 of the spatial light modulation element 2 are dis- 
30 played as a light-shielding portion. 

As described above, when the stripe image and the 
corresponding parallax barrier pattern are synchronous- 
ly displayed in units of pixels, the light-shielding portion 
(close) is precedently displayed across several pixels 
35 (in this case, three pixels), thus further reducing cross- 
talk between the right and left stripe pixels. 

In particular, when the display 1 and the spatial light 
modulation element 2 use liquid crystal panels with dif- 
ferent characteristics, even when they have different 
40 driving speeds for one scan line, crosstalk between the 
right and left images can be reduced. Conversely, in 
terms of the driving operations of the liquid crystal pan- 
els, a large driving margin for synchronously driving the 
two panels can be assured. 
45 of course, this method can be applied to the sixth 
embodiment and the like for synchronously performing 
the driving operations in units of scan lines, in addition 
to this embodiment. In this case, a light-shielding portion 
(close) can be precedently displayed across several 
50 scan lines. 

Fig. 29 is a schematic diagram showing principal 
part of a stereoscopic image display apparatus accord- 
ing to the 14th embodiment of the present invention. In 
the above embodiments, the spatial light modulation el- 
55 ement 2 on which the parallax barrier pattern is formed 
is arranged on the front side (the observer side) of the 
display 1 to observe a stereoscopic image. However, in 
this embodiment, the spatial light modulation element 2 
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is arranged on the rear side of the display 1 to form a 
slit pattern having predetermined light -transmission por- 
tions (slit portions) and light-shielding portions, and a 
stereoscopic image is observed by controlling the trans- 
mission portions of light emitted by the backlight (light 
source means) 21 . 

The arrangement of this apparatus will be explained 
below. Let O be the interval (base length) between the 
two eyes of the observer, C be the observation distance, 
D be the interval between the display 1 and the spatial 
light modulation element 2 for forming the parallax bar- 
rier pattern, B ap be the width of each slit portion of the 
slit pattern, and P rea be the pixel interval (pixel width) of 
the stripe image to be displayed on the display 1 . In this 
case : in formulas (1) and (2) described in the first em- 
bodiment, P rea replaces B\ and B ap replaces R Thus, 
when these parameters satisfy the following relations, 
a stereoscopic view can be attained. 



D = B ap -C/(0 + B ap ) 



P rea = B ap .(C-D)/C 



(5) 



(6) 



Note that the observation width has a finite diver- 
gence at the observation position in practice, and these 
quantities are set after they are slightly modified. 

The stereoscopic image display method of this em- 
bodiment will be described below. The stripe image 11 A 
or 11 B is formed based on images from the parallax im- 
age source 15 shown in Fig. 29 and is displayed on the 
display 1 by the same method as in the first embodi- 
ment. On the other hand, the image processing means 
3 inputs pixel data of the slit pattern 2 A or 2 B to a slit 
pattern drive circuit 46 in synchronism with the output 
stripe image data, thereby displaying the stripe-shaped 
slit pattern 2 A or 2 B by alternately forming light-shielding 
portions and light -trans miss ion portions each having the 
slit width B ap on the spatial light modulation element 2. 

Light emitted by the backlight 21 is transmitted 
through the light-transmission portions of the spatial 
light modulation element 2, illuminates stripe pixels Rj 
on the display 1 , and then becomes incident on the right 
eye A R of the observer. Similarly, light emitted by the 
backlight 21 and transmitted through the light-transmis- 
sion portions of the spatial light modulation element 2 
illuminates stripe pixels Lj on the display 1 , and becomes 
incident on the left eye A L of the observer. Thus, the ob- 
server observes the corresponding parallax images by 
his or her right and left eyes, and can stereoscopically 
observe the stripe image 11. 

At this time, as the driving circuits for the display 1 
and the spatial light modulation element 2, the circuit 
arrangement shown in Fig. 3 is used. With this arrange- 
ment, the display 1 and the spatial light modulation ele- 
ment 2 can be synchronously driven in units of pixels. 



In addition, since the stripe image and the correspond- 
ing slit pattern are always synchronously displayed, 
crosstalk between the right and left parallax images can 
be reduced. 

5 Of course, the synchronous driving operation in 

units of scan lines may be used in addition to the method 
of this embodiment, and the display methods described 
in the embodiments described so far may be used. 
Fig. 30 is a perspective view of the stereoscopic im- 
10 age display apparatus of this embodiment. In this em- 
bodiment, the display apparatus performs a color dis- 
play operation. In order to perform a color display oper- 
ation in this embodiment, each of stripe pixels Rj and L } 
can be controlled to correspond to one color pixel. How- 
is ever, when a known liquid crystal element having a ver- 
tical stripe type color filter layout is used, red, green, and 
blue colors deviate at the observation position, resulting 
in poor color reproducibility. In view of this problem, as 
indicated by an enlarged portion 47 in Fig. 30, red (r), 
20 green (g), and blue (b) color fillers having a horizontal 
stripe structure are formed on the surface of a transmis- 
sion type liquid crystal element used as the display 1 , 
thus obtaining good color reproducibility. 

Figs. 31 A and 31 B are schematic views showing 
25 principal part of a stereoscopic image display apparatus 
according to the 15th embodiment of the present inven- 
tion. In this embodiment, the apparatus is arranged by 
adding a linear Fresnel lens 48 to the above-mentioned 
embodiments. As shown in Figs. 31 A and 31 B, the po- 
30 sitional relationship between the display 1 and the spa- 
tial light modulation element 2 is not particularly limited, 
and the operation and the display principle of this appa- 
ratus are as described above. 

The arrangement of this embodiment will be de- 
35 scribed below. In the above embodiments, the respec- 
tive elements of the display 1 and the spatial light mod- 
ulation element 2 are associated with each other to sat- 
isfy formulas (1) and (2) or (5) and (6), and the pixel 
width of the display 1 is different from that of the spatial 
40 light modulation element 2. 

In this embodiment, the pixel pitch is adjusted using 
a linear Fresnel lens (cylindrical Fresnel lens) having a 
power in only the horizontal direction, and the display 1 
and the spatial light modulation element 2 can use liquid 
45 crystal elements having the same specifications. Since 
the principle of stereoscopic view and the driving meth- 
ods are the same as those in the above embodiments, 
a detailed description thereof will be omitted. 

In Figs. 31 A and 31 B, the linear Fresnel lens (cylin- 
50 drical Fresnel lens) has a power in only the horizontal 
direction. A case will be exemplified below wherein the 
linear Fresnel lens 48 is arranged on the front side (the 
observer side) of the spatial light modulation element 2 
for forming the parallax barrier pattern, as shown in Fig. 
55 31 A. 

Let f be the focal length of the linear Fresnel lens 
48, 0 be the interval (base length) between the two eyes 
of the observer, and P LCD be the pixel interval (pixel 
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width) of the stripe image 11 displayed on the display 1 
(this width is equal to that of each of the light-transmis- 
sion portions and light-shielding portions formed on the 
spatial light modulation element 2). When the interval. 
d 1t between the display 1 and the spatial light modula- 
tion element 2 satisfies the following relation, a stereo- 
scopic view can be obtained: 

d i = PlcdW (7) 

In this embodiment, since the display 1 and the spa- 
tial light modulation element 2 use identical liquid crystal 
elements each having a pixel size of 0. 11 0 mm (horizon- 
tal) x 0.330 mm (vertical), and one color pixel size is 
set to be the width of each stripe pixel and the width of 
each of the light-transmission portion and the light- 
shielding portion, P LCD = 0.110 mm. If the base length 
and the observation distance are respectively set to be 
O = 65 mm and C = f = 500 mm, a value 6^ = 2.5385 
mm is obtained. Note that this value is finely adjusted in 
consideration of divergence of the observation width. 

In this embodiment, when the display 1 and the spa- 
tial light modulation element 2 are synchronously driven 
in units of pixels or scan lines, since the stripe image 
and the corresponding slit pattern can always be syn- 
chronously displayed at any timing, the same display 
method as in the above embodiments can be adopted, 
and crosstalk between the right and left parallax images 
can be reduced. 

Figs. 32A and 32B are schematic views showing 
principal part of another arrangement of the 15th em- 
bodiment. In this modification, the linear Fresnel lens 48 
is arranged between the display 1 and the spatial light 
modulation element 2. 

Fig. 33 shows the optical layout of this modification. 
The operation of this modification will be explained be- 
low with reference to Fig. 33. Let S be the distance from 
the principal point of the linear Fresnel lens 48 to the 
first conjugate point (where the right or left eye Ar or A L 
of the observer is located), S* be the distance from the 
principal point of the linear Fresnel lens 48 to the second 
conjugate point, d be the distance from the principal 
point of the linear Fresnel lens 48 to the display surface 
of the display 1 (or the spatial light modulation element 
2), and d* be the distance from the principal point of the 
linear Fresnel lens 48 to the display surface of the spatial 
light modulation element 2 (or the display 1 ). Assuming 
that S = C (observation distance) = 500 mm, if d = d' is 
set when f = 250, the display 1 and the spatial light mod- 
ulation element 2 can be constituted by liquid crystal el- 
ements having the same pixel widths. 

However, the thickness of a cover glass of the liquid 
crystal element used in this modification is about 1.35 
mm (including the polarizing plate), and the thickness of 
the linear Fresnel lens is 2 mm. If the refractive index of 
these elements is assumed to be 1 .5, at least 2.23 mm 



(air conversion) are required as the interval between the 
principal point of the linear Fresnel lens and the display 
surface of the liquid crystal display. Thus, in this modi- 
fication as well, when liquid crystal elements having a 
$ pixel size of 0. 1 1 mm x 0.33 mm are used, and C = 500 
mm is set, d = d' = 2.5385/2 = 1 .2693 mm is obtained 
from the required panel interval 6, ~ 2.5385 mm. As a 
result, an equal -magnificat ion layout cannot be adopt- 
ed. 

io in this case, since the conditions that d 1= d d', d' 
= -^'d and |= ^ + ~ are satisfied, the equation that "f = 

S - d-p-^— " is obtained. 

LCD 

75 Namely, by the conditions that S = 500 mm, d = 2.23 
mm, S' = 69.5 mm and d' = 0.31 mm, the condition that 
f = 60.76 mm can be used as the focal length of a Fresnel 
lens. 

Since this modification uses the above-mentioned 
20 arrangement, the display 1 and the spatial light modu- 
lation element 2 can use liquid crystal elements having 
the same specifications, and the cost of the stereoscop- 
ic image display apparatus can be reduced. 

Furthermore, in this case, as compared to the case 
2S wherein the Fresnel lens is arranged on the front surface 
of the apparatus, as shown in Figs. 31 A and 31 B, daz- 
zling or the like of the Fresnel lens can be eliminated. 



30 Claims 

1. A stereoscopic image display method comprising 
the steps of: 

35 dividing each of a plurality of parallax images 

supplied from a parallax image source having 
parallax image information into stripe pixels; 
displaying, on a display, a single stripe image 
by arranging and synthesizing some of the 

40 stripe pixels in a predetermined order; 

displaying a slit pattern consisting of a light- 
transmission portion and a light-shielding por- 
tion arranged at a predetermined pitch on a 
spatial light modulation element arranged at a 

45 predetermined position on a front or rear side 

of said display; 

inputting light transmitted through the stripe 
pixels, corresponding to right and left eyes of 
an observer, of the stripe image to the right and 
so left eyes of the observer via said spatial light 

modulation element; and 

synchronously displaying the stripe pattern and 
the slit pattern in units of pixels or scan lines on 
corresponding scan lines of said display and 
55 said spatial light modulation element. 

2. A method according to claim 1, further comprising 
the step of interlace-scanning the corresponding 
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scan lines of said display and said spatial light mod- 
ulation element. 

3. A method according to claim 1, further comprising 
the step of scanning the corresponding scan lines 5 
of said display and said spatial light modulation el- 
ement in a vertical direction. 

4. A method according toclaim 1 , wherein the plurality 

of parallax images are right and left parallax imag- 10 
es, the stripe image is one of a first stripe image 
obtained by alternately arranging and synthesizing 
odd stripe pixels of the stripe pixels obtained by di- 
viding the right parallax image and even stripe pix- 
els of the stripe pixels obtained by dividing the left is 
parallax image, and a second stripe image obtained 
by alternately arranging and synthesizing even 
stripe pixels of the stripe pixels obtained by dividing 
the right parallax image and odd stripe pixels of the 
stripe pixels obtained by dividing the left parallax im- 20 
age, one of the two stripe images is displayed on 
said display, the other stripe image is subsequently 
displayed, and the slit pattern in which the positions 
of the light-transmission portion and the light-shield- 
ing portion replace each other is displayed on said 25 
spatial light modulation element. 

5. A method according to claim 1 . wherein the stripe 
image is displayed on a portion of a display surface 
of said display, a non-stripe image is displayed on 30 
the remaining portion of the display surface, the slit 
pattern is displayed on a portion, corresponding to 
the stripe image displayed on said display, of a dis- 
play surface of said spatial light modulation ele- 
ment, and the remaining portion of the display sur- 35 
face of said spatial light modulation element is set 
in a light-transmission state. 

A method according to claim 1 : wherein the stripe 
image is displayed on a portion of a display surface 40 
of said display, a non -stripe image is displayed on 
the remaining portion of the display surface, and the 
slit pattern is displayed on the entire display surface 
of said spatial light modulation element. 

45 

. A method according to claim 1, wherein a display 
width of each of the stripe pixels constituting the 
stripe image to be displayed on said display and/or 
a display width of each of the light-transmission por- 
tion and the light-shielding portion of the slit pattern 50 
to be displayed on said spatial light modulation el- 
ement are/is set to be equal to a total width of a plu- 
rality of pixels constituting display surfaces of said 
display and said spatial light modulation element. 

ss 

A method according to claim 1, wherein a display 
width of each of the stripe pixels constituting the 
stripe image to be displayed on said display is. set 



to be equal to a width of one pixel constituting a dis- 
play surface of said display, and a display width of 
each of the light-transmission portion and the light- 
shielding portion of the slit pattern to be displayed 
on said spatial light modulation element is set to be 
equal to a total width of a plurality of pixels consti- 
tuting a display surface of said spatial light modula- 
tion element. 

9. A method according to claim 1 , wherein a display 
width of each of the stripe pixels constituting the 
stripe image to be displayed on said display is set 
to be equal to a total width of a plurality of pixels 
constituting a display surface of said display, and a 
display width of each of the light-transmission por- 
tion and the light-shielding portion of the slit pattern 
to be displayed on said spatial light modulation el- 
ement is set to be equal to a width of one pixel con- 
stituting a display surface of said spatial light mod- 
ulation element. 

10. A method according to claim 1 , wherein each of dis- 
play surfaces of said display and said spatial light 
modulation element has pixels in a matrix structure. 

11. A method according to claim 1, further comprising 
the step of outputting predetermined polarized light 
from said display. 

12. A method according to claim 1 , wherein said spatial 
light modulation element comprises a liquid crystal 
element. 

13. A method according to claim 1, further comprising 
the step of controlling at least one of constituting 
elements of the stripe image and constituting ele- 
ments of the slit pattern in accordance with a signal 
from one of observation condition detecting means 
for automatically detecting a view point position of 
the observer and observation condition inputting 
means used by the operator to input an observation 
condition. 

14. A method according to claim 1, further comprising 
the step of controlling an interval between said dis- 
play and said spatial light modulation element on 
the basis of a signal from one of observation condi- 
tion detecting means for automatically delecting a 
view point position of the observer and observation 
condition inputting means used by the operator to 
input an observation condition. 

15. A method according to claim 1, further comprising 
the step of selecting and using the parallax images 
from at least three original parallax images consti- 
tuting the parallax image information on the basis 
of a signal from one of observation condition detect- 
ing means for automatically detecting a view point 
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position of the observer and observation condition 
inputting means used by the operator to input an 
observation condition. 

16. A method according to claim 1 , further comprising s 
the step of generating the parallax images on the 
basis of data constituting the parallax image infor- 
mation or generating the parallax images on the ba- 
sis of at least two original parallax images constitut- 
ing the parallax image information by interpolation 10 
or re-construction in correspondence with a view 
point position of the observer, in accordance with a 
signal from one of observation condition detecting 
means for automatically detecting the view point po- 
sition of the observer and observation condition in- is 
putting means used by the operator to input an ob- 
servation condition. 

17. A method according to claim 1 , further comprising 

the step of precedently displaying, as the light- 20 
shielding portion, a plurality of pixels preceding to 
a pixel to be synchronously displayed or a plurality 
of scan lines preceding to a scan line to be synchro 1 
nously displayed on said spatial light modulation el- 
ement when the stripe image and the slit pattern are 2s 
synchronously displayed on said display and said 
spatial light modulation element in units of pixels or 
scan lines. 

18. A method according to claim 1, further comprising 30 
the step of dividing each of display surfaces of said 
display and said spatial light modulation element in- 
to a plurality of regions having the same size along 

a scan line, simultaneously selecting and scanning 
scan lines at the same relative positions of the plu- 35 
rality of regions, and synchronously displaying the 
stripe image and the slit pattern on said display and 
said spatial light modulation element in units of pix- 
els on the plurality of scan lines or in units of corre- 
sponding scan lines of the plurality of scan lines. 40 

19. A stereoscopic image display apparatus compris- 
ing: 

a display for displaying a single stripe image ob- 45 
tained by arranging and synthesizing some of 
a plurality of stripe pixels which are obtained by 
dividing each of a plurality of parallax images 
supplied from a parallax image source having 
parallax image information; so 
a spatial light modulation element arranged at 
a predetermined position on a front or rear side 
of said display, said spatial light modulation el- 
ement displaying a slit pattern consisting of a 
light-transmission portion and a light-shielding 55 
portion arranged at a predetermined pitch, and 
light transmitted through the stripe pixels, cor- 
responding to right and left eyes of an observer, 



of the stripe image being input to the right and 
left eyes of the observer via said spatial light 
modulation element so as to attain a stereo- 
scopic view; and 

means for 'synchronously displaying the stripe 
image and the slit pattern on corresponding 
scan lines of said display and said spatial light 
modulation element in units of pixels or scan 
lines. 

20. An apparatus according to claim 1 9, wherein the 
corresponding scan lines of said display and said 
spatial light modulation element are interlace- 
scanned. 

21. An apparatus according to claim 19, wherein the 
corresponding scan lines of said display and said 
spatial light modulation element are scanned in a 
vertical direction. 

22. An apparatus according to claim 19, wherein the 
plurality of parallax images are right and left parallax 
images, the stripe image is one of a first stripe im- 
age obtained by alternately arranging and synthe- 
sizing odd stripe pixels of the stripe pixels obtained 
by dividing the right parallax image and even stripe 
pixels of the stripe pixels obtained by dividing the 
left parallax image, and a second stripe image ob- 
tained by alternately arranging and synthesizing 
even stripe pixels of the stripe pixels obtained by 
dividing the right parallax image and odd stripe pix- 
els of the stripe pixels obtained by dividing the left 
parallax image, the slit pattern to be displayed upon 
display of the first stripe image and the slit pattern 
to be displayed upon display of the second stripe 
image have opposite positional relationships of the 
light-transmission portion and the light-shielding 
portion, and the two stripe images are successively 
displayed. 

23. An apparatus according to claim 1 9, wherein the 
stripe image is displayed on a portion of a display 
surface of said display, a non-stripe image is dis- 
played on the remaining portion of the display sur- 
face, the slit pattern is displayed on a portion, cor- 
responding to the stripe image displayed on said 
display, of a display surface of said spatial light 
modulation element, and the remaining portion of 
the display surface of said spatial light modulation 
element is set in a light-transmission state. 

24. An apparatus according to claim 19, wherein the 
stripe image is displayed on a portion of a display 
surface of said display, a non-stripe image is dis- 
played on the remaining portion of the display sur- 
face, and the slit pattern is displayed on the entire 
display surface of said spatial light modulation ele- 
ment. 
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25. An apparatus according to claim 1 9, wherein a dis- 
play width of each of the stripe pixels constituting 
the stripe image to be displayed on said display and/ 
or a display width of each of the light-transmission 
portion and the light-shielding portion of the slit pat- s 
tern to be displayed on said spatial light modulation 
element are/is set to be equal to a total width of a 
plurality of pixels constituting display surfaces of 
said display and said spatial light modulation ele- 
ment. 70 

26. An apparatus according to claim 19, wherein a dis- 
play width of each of the stripe pixels constituting 
the stripe image to be displayed on said display is 

set to be equal to a width of one pixel constituting is 
a display surface of said display, and a display width 
of each of the light-transmission portion and the 
light-shielding portion of the slit pattern to be dis- 
played on said spatial light modulation element is 
set to be equal to a total width of a plurality of pixels so 
constituting a display surface of said spatial light 
modulation element. 

27. An apparatus according to claim 1 9, wherein a dis- 
play width of each of the stripe pixels constituting 25 
the stripe image to be displayed on said display is 

set to be equal to a total width of a plurality of pixels 
constituting a display surface of said display, and a 
display width of each of the light-transmission por- 
tion and the light-shielding portion of the slit pattern 30 
to be displayed on said spatial light modulation el- 
ement is set to be equal to a width of one pixel con- 
stituting a display surface of said spatial light mod- 
ulation element. 

35 

28. An apparatus according to claim 1 9, wherein each 
of display surfaces of said display and said spatial 
light modulation element has pixels in a matrix 
structure. 

40 

29. An apparatus according to claim 1 9, wherein said 
spatial light modulation element comprises a liquid 
crystal element. 

30. An apparatus according to claim 29, wherein said 45 
spatial light modulation element comprises a ferro- 
electric liquid crystal element. 



34. An apparatus according to claim 19. wherein pre- 
determined polari7ed light is output from the stripe 
image to be displayed on said display, and said spa- 
tial light modulation element comprises a liquid 
crystal element and a single polarizing plate. 

35. An apparatus according to claim 19, wherein at 
least one of constituting elements of the stripe im- 
age and constituting elements of the slit pattern is 
controlled in accordance with a signal from one of 
observation condition detecting means for automat- 
ically detecting a view point position of the observer 
and observation condition inputting means used by 
the operator to input an observation condition. 

36. An apparatus according to claim 19, wherein an in- 
terval between said display and said spatial light 
modulation element is controlled by interval control- 
ling means on the basis of a signal from one of ob- 
servation condition detecting means for automati- 
cally detecting a view point position of the observer 
and observation condition inputting means used by 
the operator to input an observation condition. 

37. An apparatus according to claim 19, wherein the 
parallax images to be used are selected from at 
least three original parallax images constituting the 
parallax image information on the basis of a signal 
from one of observation condition detecting means 
for automatically detecting a view point position of 
the observer and observation condition inputting 
means used by the operator to input an observation 
condition. 

38. An apparatus according to claim 19, wherein the 
parallax images are generated on the basis of data 
constituting the parallax image information or the 
parallax images are generated on the basis of at 
least two original parallax images constituting the 
parallax image information by interpolation or re- 
construction in correspondence with a view point 
position of the observer, in accordance with a signal 
from one of observation condition detecting means 
for automatically detecting the view point position 
of the observer and observation condition inputting 
means used by the operator to input an observation 
condition. 



31. An apparatus according to claim 29, wherein said 
display comprises a liquid crystal element. so 

32. An apparatus according to claim 31, wherein said 
display comprises a ferroelectric liquid crystal ele- 
ment. 

55 

33. An apparatus according to claim 29, wherein said 
display comprises a self-emission type display and 
a single polarizing plate. 



39. An apparatus according to claim 19, wherein a plu- 
rality of pixels preceding to a pixel to be synchro- 
nously displayed or a plurality of scan lines preced- 
ing to a scan line to be synchronously displayed on 
said spatial light modulation element are precedent- 
ly displayed as the light-shielding portion when the 
stripe image and the slit pattern are synchronously 
displayed on said display and said spatial light mod- 
ulation element in units of pixels or scan lines. 
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40. An apparatus according to claim 19, wherein each 
of display surfaces of said display and said spatial 
light modulation element is divided into a plurality 
of regions having the same size along a scan line, 
scan lines at the same relative positions of the plu- 
rality of regions are simultaneously selected and 
scanned, and the stripe image and the slit pattern 
are synchronously displayed on said display and 
said spatial light modulation element in units of pix- 
els on the plurality of scan lines or in units of corre- 
sponding scan lines of the plurality of scan lines. 

41. A stereoscopic image display apparatus compris- 
ing: 

a display for sequentially forming a single stripe 
image obtained by arranging and synthesizing 
some of a plurality of stripe pixels which are ob- 
tained by dividing each of right- and left-eye 
parallax images supplied from a parallax image 
source having parallax image information, 
while performing a scanning operation; and 
a spatial light modulation element located on a 
front or rear side of said display, said spatial 
light modulation element sequentially forming 
a slit pattern consisting of a light-transmission 
portion and a light-shielding portion arranged 
at a predetermined pitch in synchronism with 
the scanning operation, and light transmitted 
through the stripe pixels, 
corresponding to right and left eyes of an ob- 
server, of the stripe image displayed on said 
display being input to the right and left eyes of 
the observer via the slit pattern. 

42. An apparatus according to claim 41, wherein said 
spatial light modulation element is arranged on the 
front side of said display, and said apparatus further 
comprises a linear Fresnel lens having a power only 
in a horizontal direction and arranged on the front 
side of said spatial light modulation element or ar- 
ranged between said display and said spatial light 
modulation element. 



sizing some of a plurality of stripe pixels which 
are obtained by dividing each of right- and left- 
eye parallax images supplied from a parallax 
image source having parallax image informa- 
tion, while performing a scanning operation: 
and 

inputting light transmitted through the stripe 
pixels, corresponding to right and left eyes of 
an observer, of the stripe image displayed on 
said display to the right and left eyes of the ob- 
server via a slit pattern, which is obtained by 
sequentially forming a light-transmission por- 
tion and a light-shielding portion at a predeter- 
mined pitch on a spatial light modulation ele- 
ment, in synchronism with the scanning opera- 
tion. 

45. A stereoscopic image display apparatus compris- 
ing: 

20 

a display operable to display a single stripe im- 
age by arranging and synthesising some of a 
plurality of stripe pixels which are obtained by 
dividing each of a plurality of parallax images 

25 supplied from a parallax image source having 

parallax image information; 
a spatial light modulation element arranged at 
a predetermined distance in front of or to the 
rear of said display, said spatial light modulation 

30 element being operable to display a slit pattern 

consisting of a light-transmission portion and a 
light-shielding portion arranged at a predeter- 
mined pitch, and light transmitted through the 
stripe pixels, corresponding to right and left 

35 eyes of an observer of a stripe image input to 

the right and left eyes of the observer via said 
spatial light modulation element so as to attain 
a stereoscopic view; and 
means for displaying synchronously the stripe 

40 image and the slit pattern on corresponding 

scan lines of said display and said spatial light 
modulation element in units of pixels or scan 
lines. 



43. An apparatus according to claim 41 , wherein a spa- 
tial light modulation element illuminated with light 
emitted by light source means is arranged on the 
rear side of said display, and said apparatus further 
comprises a linear Fresnel lens having a power only 
in a horizontal direction and arranged on the front 
side of said display or arranged between said dis- 
play and said spatial light modulation element. 

44. A stereoscopic image display method comprising 
the steps of: 

sequentially forming, on a display, a single 
stripe image obtained by arranging and synthe- 



4 $ 46. A stereoscopic image display apparatus compris- 
ing: 

a display operable to sequentially form a single 
stripe image obtained by arranging and synthe- 
sising some of a plurality of stripe pixels which 
are obtained by dividing each of right- and left- 
eye parallax images supplied from a parallax 
image source having parallax image informa- 
tion, while performing a scanning operation; 
and 

a spatial light modulation element located on a 
front or rear side of said display, said spatial 
light modulation element being operable to se- 



so 
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quentially form a slit pattern consisting of a 
light-transmission portion and a light-shielding 
portion arranged at a predetermined pitch in 
synchronism with the scanning operation, and 
light transmitted through the stripe pixels, cor- s 
responding to right and left eyes of an observer, 
of the stripe image displayed on said display 
input to the right and left eyes of the observer 
via the slit pattern. 
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display method and apparatus. The method includes the 
steps of dividing each of a plurality of parallax images 
supplied from a parallax image source having parallax 
image information into stripe pixels, displaying, on a dis- 
play, a single stripe image by arranging and synthesiz- 
ing some of the stripe pixels in a predetermined order, 
displaying a slit pattern consisting of a light-transmis- 
sion portion and a light-shielding portion arranged at a 
predetermined pitch on a spatial light modulation ele- 
ment arranged at a predetermined position on the front 
or rear side of the display, inputting light transmitted 
through the stripe pixels, corresponding to the right and 
left eyes of an observer, of the stripe image to the right 
and left eyes of the observer via the spatial light modu- 
lation element and synchronously displaying the stripe 
pattern and the slit pattern in units of pixels or scan lines 
on corresponding scan lines of the display and the spa- 
tial light modulation element. 
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